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The Lure of 


Amateur Radio 


You are interested in radio and in the magic of radio communication. 
The thrill of direct two-way radio conversation with persons in foreign coun- 
tries, of participating in emergency communications in time of disaster, of 
exploring the frontiers of radio development with equipment you build your- 
self — all these and more may be yours through the medium of amateur radio. 

You probably know that there are people called ‘‘radio amateurs’? who 
talk amongst themselves at all hours of the day and night. You may have 
read of them in your daily newspaper after some flood or emergency in which 
they rendered great public service. 

Who are radio amateurs? 

What zs amateur radio? 

Amateur radio is direct private experimental communication, from your 
own home, on apparatus you have built or assembled yourself, with other 
amateurs similarly equipped. 

Anyone can become an amateur — boy or girl, man or woman — almost 
regardless of previous training and experience. All that is required is a sincere 
desire to learn and a little effort acquiring the necessary knowledge. Boys and 
girls of 8 and 10 have become amateurs — as have men of 80. They come from 
all walks of life, their sole bond the fascination that the amateur game affords. 

You may have already tuned in some distant station in a foreign land 
on an all-wave receiver. But that is only a small part of the thrill that comes 
only to the radio amateur — not only hearing foreign countries but also throw- 
ing the switch on your own transmitter and talking with the stations you hear. 


This modest amateur station, assembled from commercially- 
available units, requires very little space yet under favorable con- 
ditions can easily communicate to the other side of the world. 
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You would like to know how these people came to be amateurs, how they 
acquired the ability and the equipment to get on the air and talk with each 
other. You might like to become an amateur yourself — at least you would 
like to know how to go about becoming one. 

The purpose of this booklet is to tell you, as simply and straightforwardly 
as possible, what amateur radio is, how one can become an amateur, how to 
build a simple receiver and transmitter, and how to get on the air. But first 
let us explore some of the many possibilities amateur radio offers. 


« 


The operator of every 
oe - amateur station takes 

: pride in a neat logbook 
showing dates, times and 
frequency bands for other 
stations he has ‘‘worked.’’ 


« 


» 


A housewife or “*X YL’? 
ham takes time out from 
ironing to operate’ her 
amateur station. The 
transmitter is home- 
constructed. 


» 


Adventure! 


Kach night’s operation is a new adventure into space. An amateur’s 
station — sometimes an elaborate affair that rivals the equipment of a big 
broadcasting station, more often an inexpensive outfit assembled at home in 
spare moments — becomes a modern Aladdin’s lamp. You never know, when 
you sit down to your transmitter and receiver for a few hours’ operation at 
the end of the day’s work, what those hours will bring. Perhaps, to start, 
a few friendly chats with neighboring amateurs in near-by states. Some of 
these may be contacted for the first time that particular night; others may be 
amateurs who have been ‘‘worked” before and with whom regular schedules 
have been arranged once or twice a week. Following this there may be an oppor- 
tunity to pass the time of day with a Virgin Islander or, later, a missionary 
afar in Africa or a weather observer on some remote U. 8. island in the Pacific. 
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» 


Would you like to talk di- 
rect with the owner of this 
fine station in Japan, or 
other amateurs in all parts 
of the world? It is one of the 
most interesting facets of 
becoming a ham. 


» 


You may suddenly be asked to relay a message for assistance for a town even 
then being devastated by a hurricane, or have the experience, as many ama- 
teurs have, of exchanging signals with some Arctic or Antarctic expedition. 


Endless Variety 


These are but a very few of the things that you, as an amateur, may do. 
The reason that amateur radio is often called the most satisfying and thrilling 
of all hobbies is that it offers something for everyone. It-is, to use a familiar 
phrase, ‘‘all things to all men.”’ 

For example: You may be a “‘tinkerer’”’ — you may like to play around with 
gadgets, build them up, make them work. Amateur radio is the ideal hobby for 


« 


Many amateurs find their 
greatest interest in the hobby 
to be experimentation with 
new circuits and gadgets. 


« 


8 THE LURE OF 


the tinkerer who likes to go into the “why” of the things he builds. It offers 
endless room for experiment, an infinite variety of problems to overcome. You 
may be a “rag-chewer.”’ The most enjoyment you know may come from getting 
together with a crowd of good fellows and talking over everything under the 


« 


Another field of expe- 
rimental interest by 
amateurs is the very- 
high-frequency bands, 
where simpler antenna 
systems will perform 
adequately, but where 
elaborate beams such 
as this will provide 
communications over 
distances unheard-of 
until a few years ago. 


« 


sun. Amateur radio is full of confirmed addicts of the conversational art; 
indeed, there is even a ‘‘Rag-Chewer’s Club,”’ with a membership certificate 
signed by ‘‘The Old Sock,” himself, for those who can qualify. 


Competition 


You may have the competitive urge. If your biggest kick in life comes from 
putting everything you’ve got into some sport or game that requires a high 
order of intelligence and skill, amateur radio will provide plenty of activities to 
test your mettle. Every day in the year thousands of amateurs compete to see 
who can relay the most messages; elaborate traffic nets, with trunk lines, field 
officials and comprehensive organization have been established by the Com- 
munications Department of the American Radio Relay League. Hundreds 
of other amateurs compete with each other in working DX (distant) stations. 
DXing is actually a glorified form of fishing; it takes endless patience and skill, 
but to the true ‘‘fisherman”’ it has a zest nothing else in the world can equal — 
and it’s a sport you can indulge in any day, any season of the year. 

Beyond these daily activities there are dozens of contests of various kinds 
held annually. The biggest is the Sweepstakes, engaged in by amateurs all over 
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» 


One of the highlights of 
the amateur’s year is partici- 
pation in ARRL Field Day 
each June, when portable- 
emergency units are set up 
and teams of operators work 
around the clock as a demon- 
stration of the ability of 
amateurs to serve in times of 
disaster. 


» 


the United States. Field Day brings thousands of amateurs into the countryside 
with portable self-powered equipment. In these, as in the smaller contests, ama- 
teurs compete not only on a national scale but locally. 


Group Activities 


But all this still does not convey the whole picture of amateur radio. If 
one is interested in Army or Navy activity, and is a member of the military 
reserves, he will find himself freely encouraged to join either the communica- 
tions reserve of the U. S. Navy or the Military Affiliate Radio System, each 
of which conducts weekly ‘‘drills’” over the air to train operators in the intrica- 
cies of military radio procedure. In the comprehensive field organization of the 
ARRL you may find satisfaction in an appointment as Official Observer, as a 
sort of voluntary policeman of the air, or as an Official Bulletin Station, trans- 
mitting the latest amateur news bulletins on regular schedules, or as an Official 
Experimental Station, helping plumb the mysteries of the ultra-high fre- 
quencies. 

Nor is all of amateur radio confined to contacts over the air or solitary 
experimentation. There are nearly 1,000 active radio clubs in the country 
affiliated with the ARRL, and they offer programs of wide general interest. 
Each year several divisional conventions and some dozens of ‘‘hamfests’”’ are 


Many of the 1000 or 
more local amateur radio 
clubs around the nation 
conduct free courses of 
code and theory instruc- 
tion to help newcomers 
obtain ham tickets. 
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Another field of intense interest for amateurs is mobile —a' 
simple but complete two-way installation in an automobile. Be- 
sides a great deal of fun, such units are invaluable in time of com- 
munications emergency. 


held. Hundreds of amateurs attend these fraternal get-togethers, which last 
from an afternoon or evening to as much as three days. Not only are they 
instructive, not only do they permit amateurs to meet in person those they 
have talked with over the air, but they are mighty good fun, as well. 


Public Service 


It is one of the finest aspects of amateur radio as a hobby that it is not only 
a source of delightful fun and pleasant recreation, but it is also an outstanding 
opportunity for voluntary public service. The communicating experience an 
amateur acquires, and the organized networks in which many hams participate, 
in time of disaster become of untold value to the community and the nation. 
Let a hurricane or an earthquake or a flood destroy normal lines of communica- 


The public-service record of amateur radio operators has drawn many words of 
praise from government and municipal agencies, and from the military. But one 
example is this city communications control center, organized and manned entirely 
by hams. 
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tion, and hundreds of amateurs are ready to step in and provide emergency 
circuits for the Red Cross, civil defense, military, and municipal agencies. 

Perhaps as many as one amateur out of every three has, in addition to his 
station at home, a complete communications set-up in his car. Driving back and 
forth to work, or on a longer weekend trip, an amateur can be in constant touch 
with other hams to while away the time in pleasant conversation — or to ask 
local highway directions of local hams at their home stations. Here again, in 
the event of communications emergency an amateur mobile unit becomes 
invaluable because it not only has its own power supply but can be despatched 
to key points to furnish vital communications for relief work. 

So important, in fact, is the amateur’s work in an emergency communica- 
tions that the Federal Communications Commission has set up special rules 
for a Radio Amateur Civil Emergency Service, in which public-spirited 
amateurs can enroll as a part of civil defense efforts. These local networks engage 
in practice drills regularly, hoping that disaster will never strike their com- 
munity but determined to be fully prepared for any catastrophe that might 
come. 


From Champions to Newsboys 


This, then, is amateur radio. That its appeal is universal is demonstrated 
by the type of people that pursue it. A cross-section of amateur radio is a 
cross-section of any community. The popular myth that all amateurs are 
‘“‘attic experimenters” has no basis in fact. It is true, of course, that a consider- 
able number of boys and girls under 20 do become amateurs, for it is one of the 
advantages of amateur radio that it is not too intricate or abstruse for young 
people of high school age to master. But if you, as an amateur, get on the 
air tonight or tomorrow night and contact other amateur stations you may 
find yourself talking with the son of a former President or a popular band 
leader or a famous radio comedian — or your newsboy or filling-station 
owner. .. . The list could go on endlessly, but the point is that amateur 
radio is indeed a universal hobby, having an appeal to professional worker 
and artisan alike, to young as well as old. 


Careers in Electronics 


With the intense personal interest a young amateur develops in his 
hobby, it is not surprising to find that many radio industry executives, and 
electronics engineers high in the profession today, were first drawn to radio 
as a career through a ham station of their own. Nearly one-half of all ama- 
teurs are employed in communications electronics or allied fields. Some are 
owners and presidents of their own manufacturing companies; others are 
engineers or laboratory technicians, or sales engineers, or maintenance men, 
or broadcast station attendants, or government research workers on classified 
projects. The rapid advances in the art of electronics and its daily expansion 
into new phases of American industry make it apparent that the field is a 
continually-growing one which offers unparalleled opportunities to the young 
man of today who is faced with selecting his life’s work. And experience as 
an amateur is the ideal stepping-stone to a professional career, offering not 
only an easy method of early self-training, but equally as important, the 
development of a personal interest that makes one’s working hours pleasant 
and rewarding instead of drudgery. 


National Organization 
Amateur radio is not a spontaneous development. It is the result of five 
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decades of evolution. For more than 40 years it has been guided in technical 
and operating progress, and defended against legislative threat, by its national 
organization, the American Radio Relay League. 

The League, which was founded in 1914, is the traditional spokesman for 
amateur radio. Numbering in its ranks a majority of the active licensed ama- 
teurs, it is operated as a mutual non-stock corporation, entirely amateur-owned 


Ileadquarters activilies 
of the League include a 
well-equipped labora- 
tory, pictured at the 
left, in which new de- 
signs of amateur gear 
are developed and 
tested. 


The Headquarters sta- 
tion, WLAW, maintains 
extensive operating 
schedules, dedicated to 
sending code practice 
for beginners, trans- 
mission of news bulle- 
tins for all amateurs, 
and general contact 
with other amateur 
stations. 


and directed. Through a representative system of government, it makes the 
amateur body articulate in representation at Washington and at international 
radio conferences. Scores of times it has averted the threatened abolition of 
amateur work. From its headquarters at West Hartford, Conn. — where visi- 
tors are always welcome — where some seventy people are employed — it 
publishes the monthly journal of amateur radio, QS7, as well as many amateur 
handbooks and booklets, all available at low cost to help amateurs obtain 
the greatest enjoyment from their hobby. 


Licenses Essential 


It is the law that no one can operate a radio transmitter without a license 
from the United States Government. All forms of radio are administered by a 
government agency at Washington called the Federal Communications Com- 
mission. The Commission assigns radio facilities to all types of radio stations 
—and often certain services feel that they require more space on the air. 
This competition, the necessity for every class of radio station to demonstrate 
that it is operated in the maximum of public interest, convenience and ne- 
cessity, forces amateur radio — through the ARRL— to maintain a united 
front in order to preserve its rights. 

The FCC requires that every amateur station and operator be licensed. 
There are heavy penalties for operation of an unlicensed station — a maximum 
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of two years in jail and a fine of $10,000. As you read on in this booklet you will 
learn how the necessary licenses can be easily acquired and the other require- 
ments met. 


Build or Buy? 


Sooner or later you will have to decide whether to construct your own 
radio equipment or buy it ready-made. There are advantages to either choice. 
Strictly from the standpoint of cost, buying ready-made is cheaper in the long 
run, principally because the manufactured equipment will have a much 
higher trade-in or resale value if and when you decide to change your station’s 
apparatus (for higher power, or some other reason). In many instances the 
beginner can get better performance from manufactured gear, since it is the 
result of design by skilled engineers, and of mechanical production by tech- 
niques often impractical to duplicate in the home workshop. It is also true 
that you can buy a receiver and have it home in operating condition the same 
day, while constructing your own would require a number of evenings or 
other spare-time work. 

The principal advantage to home construction is that it can furnish half 
the pleasure and satisfaction in the hobby of amateur radio. In building your 
own, you learn far more about radio theory and technique than the buyer of 
ready-made gear ever possibly can. You can thus become a much more skilled 
amateur. Furthermore, when a new technical development comes along, you 
can take advantage of it by modifying your home-built equipment accord- 
ingly; the purchaser of a manufactured unit may hesitate to make any modi- 
fications since alterations might adversely affect its resale value. 

A number of manufacturers today make amateur equipment available in 
“kit” form; this is one compromise between the two choices. Much of the 
mechanical work difficult to accomplish in the home workshop — such as 
chassis-punching and dial mechanisms — is already done for you. But in 
assembling and wiring the components you can acquire a certain amount of 
knowledge of the innards of radio equipment and of construction techniques 
generally. You are thus more easily able to grasp technical knowledge required 
for your license examination. 

Ready-made amateur radio equipment and kits are sold by numerous radio 
stores or distributors in various parts of the country (and, in a few instances, 
direct by the manufacturer). Check the yellow pages of your local telephone 
directory, or the advertisements in this publication or the League’s monthly 
magazine, QS7; you can usually order by mail if there is none located in your 
city. 

“How much should I spend?” is a common question from the beginning 
amateur. That is largely a personal decision. The amateur equipment market 
is a fairly competitive one, however, so that in general you get just about 
what you pay for. The more expensive receivers, for example, generally give 
considerably better performance under adverse operating conditions than 
cheaper ones, although under good radio conditions an inexpensive receiver 
and low-power transmitter will do nearly as well. A second-hand receiver 
(there are many on the market) is often a good investment. 

But we recommend that, at the start, you build at least one major item 
for your amateur station — receiver or transmitter — for the experience and 
training it will afford, not to mention the satisfaction of personal accom- 
plishment. 


_ Fundamentals 


of Radio 


, You are going to run into some new words in ham radio. Don’t let them 
bother you. In any new hobby you have to learn the language. We’ll explain 
the new words as they come up, and after a while you'll be handling ham radio 
talk like a veteran. : 

Amateurs learn how radio works because a modest understanding is re- 
quired for the written part of the license examination. Further, the more one 
knows about radio, the easier it is to get the most out of it, in the way a good 
mechanic gets top performance from his car. And, of course, you have to know 
a little about radio to be able to “shoot trouble” in equipment that goes bad. 


An Amateur Station 


Your amateur station, be it simple or elaborate, will consist of three 
basic parts: the transmitter, the antenna and the receiver. You may use one 
antenna with the transmitter and another with the receiver, or you may use 
a single antenna for both transmitting and receiving, switching the antenna 
from receiver to transmitter and back again. Regardless of these details, the 
three basic parts are the transmitter, the antenna and the receiver. 

The transmitter is the unit that takes electrical power from a battery or, 
more commonly, from the electrical power line in the home and converts it 
into radio frequency power. When this radio frequency power is fed properly 
to the antenna, the power is radiated in many directions. Although the rf. 
(radio frequency) power is electrical power somewhat similar to that in the 
house power line, the house power will not leave the wires and travel great 
distances through space the way r.f. power will. The directions in which the 
power leaves the antenna depends upon the form of the antenna, and this is a 
study all by itself. It is sufficient for now to remember that the radiation from 
an antenna is not equal in all directions. 

The power leaving the antenna travels through air and space in straight 
lines away from the antenna at the speed of light (186,000 miles per second). 


RADIO WAVES NORMALLY TRAVEL IN STRAIGHT LINES, BUT THERE 
ARE FACTORS THAT CAUSE THEM TO BEND AROUND THE EARTHS CUR- 
VATURE AND MAKE LONG-DISTANCE COMMUNICATIONS POSSIBLE 
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It continues in these straight lines unless it is diverted or reflected. Fortunately 
for long-distance communication on a spherical earth, there are conditions 
above the surface of the earth (up to about 250 miles) that cause radio 
energy to be bent back toward the earth, and consequently it is possible for 
the energy leaving an antenna to be returned to earth at points beyond the 
horizon. (These conditions vary with the amateur band in which you are 
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operating, and the time of day and year, and they constitute a study of their 
own, called ‘‘propagation.’’) 

The r.f. power radiated from the antenna will generate tiny electrical 
currents in any wire or antenna past which it travels. If this wire is connected 
to a suitable radio receiver, the tiny currents can be amplified to a large signal 
in the receiver. The signal disappears when the transmitter is turned off. 
If the transmitter power is increased, the received signal increases in the same 
_ proportion. When the transmitter is turned on and off rapidly with a telegraph 
key to form the characters of the radiotelegraph code, the identical characters 
can be heard at the receiver from headphones or a loudspeaker, and the 
operator at the key can ‘‘talk”’ to the operator at the receiver. Radiotelegraph 
communication like this is called ‘‘Al transmission”? by FCC definition or, in 
amateur language, c.w. (for ‘continuous waves’’) or code. 

With suitable equipment, the power output of the transmitter can be 
varied by the sound waves in the voice of the transmitting operator, working 


1S CALLED A-3 
TRANSMISSION 


CONES 

through a microphone. When the transmitter output is varied, or modu- 
lated, in this way, the output in the distant receiver varies in the same way. 
If the receiver output is fed to headphones or a loudspeaker, new sound waves 
are generated that duplicate the voice waves of the transmitting operator. 


This is called ‘‘A3 transmission’? by FCC definition or, in amateur language, 
a.m. (for amplitude modulation). 
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As mentioned earlier, there are several factors affecting any radio path, 
so it is not possible to communicate with all parts of the world at any one time. 
However, by recognizing the factors one can, over a period of time, com- 
municate with most of the regions of the world where there are amateur 
stations. And, of course, one can communicate over short paths within the 
horizon limit without worrying about the long-distance factors. 


The Receiver 


The first part of your amateur station to acquire is the receiver. It will 
enable you to listen to amateurs and other services, you will gain first-hand 
knowledge of the receiver’s operation, and you will be able to copy signals 
that will help you to improve your code speed, as outlined later. You will not 
need a special antenna until you have your license and transmitter, and even 
a 15- or 20-foot length of wire in the room or attic will be sufficient with most 
receivers. The receiver can be one you build from plans given later in this 
booklet, or you may select a design from The Radio Amateur’s Handbook 
or a copy of QST magazine. You may elect to assemble one of the receivers 
offered in kit form on the market, or you may decide to invest in a new or 
second-hand communications receiver. Don’t hesitate to investigate second- 
hand receivers offered by reliable dealers; these receivers will be in good 
working condition and are excellent values. Don’t expect any ‘“‘bargains,”’ 
however; receivers are realistically priced and you will get what you pay for. 
The only bargains are receivers that can be reworked into better performance, 
and this requires technical know-how that you won’t acquire overnight. 
Usually the market value of a commercial receiver does not depreciate rapidly. 
Be sure to save the shipping carton and the instruction book; it helps when you 
turn in the receiver on another one. 

There are two general classes of receivers that are useful for amateur 
work: “general coverage” and ‘‘amateur-bands only.” As the names indicate, 
the general-coverage receiver will tune over a wide range, while the other 
covers only the amateur bands, with a little to spare in some cases. The general- 
coverage receivers usually include the regular broadcast band (not Pim.) 4s 
well, so they can be used by the other members of the family for the reception 
of news and entertainment. This is a good argument for the potential amateur 
to use in a budget-conscious family. 


Amateur Bands 


Right here is a good place to get acquainted with the amateur bands 
mentioned above. If your only experience with radio is tuning a broadcast or 
TV receiver, you will have noticed that your local stations come in at certain 
points on the tuning dial. For example, your local stations might appear at 
6, 11 and 15 on your broadcast receiver dial. These numbers represent 600, 
1100 and 1500 kilocycles. (‘Kilocycle” means ‘1000 cycles’’; we'll elaborate 
on “‘cycles”’ later. Right now it is sufficient to know that it is the different 
frequencies of transmission that these stations have that permits tuning to 
one or the other without mutual interference.) The broadcast band, or group 
of frequencies, extends from 535 to 1605 ke. (‘‘ke.” is the abbreviation for 
‘‘kilocycles’’). As you have heard when a station signs off, the exact frequency 
of transmission of the broadcast station is assigned by the FCC (Federal 
Communications Commission). 

If the broadcast receiver were a very special one that could continue to 
tune higher in frequency (there are technical reasons why this is impractical, 
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SUPER-SPECIAL WIDE-RANGE RECEIVER 


a i 


160 METERS METERS METERS METERS METERS METERS METERS 
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The dial of a super-special wide-range receiver might look something like this. As 
we tune away from the broadcast band (left-hand end) we run into many different 
radio services and an occasional amateur band (solid dashes), and we end up in Chan- 
nels 2 and 3 of the TV bands. The amateur bands are expanded below the scale, to 
show their frequency limits. The cross-hatching indicates subdivisions allocated 
between phone and code. The ARRL License Manual gives the latest FCC regulations 
on these sub-divisions. 

This dial scale represents only a portion of the radio spectrum, and still more space 
would be required to show the 2-meter (144-148 Me.) and other amateur bands. 


without switching), you would find many different groups, or bands, of fre- 
quencies, used by many different services. Some of these include ship-to-shore 
communications, transoceanic code, voice and teletypewriter links; military 
radio, aeronautical radio, and overseas propaganda broadcasting. And, what 
you are most interested in right now, the amateur bands. Unlike other services, 
we amateurs are permitted to operate on any frequency within these amateur 
bands, in accordance with the terms of the particular license we hold. 

To indicate the amateur bands and the sequence in which they would be 
encountered on this hypothetical receiver, the dial scale is shown above. Be- 
cause the kilocycle designation starts to become clumsy at these high frequen- 
cles, we show the scale in ‘‘Mce.”’, for ““megacycles.”’ (A megacycle is 1,000,000 
cycles; 1,000 kc. = 1 Mc.) In amateur work you will often hear the amateur 
bands referred to as the ‘‘40-meter band” (7.0 — 7.3 Mc.), the ‘‘20-meter band”’ 
(14.0 — 14.35 Mc.), etc. This is a carry-over from past years when a signal 
was identified by its ‘‘wavelength” rather than by its frequency. 


Frequency and Wavelength 


This business of frequency and wavelength is often a stumbling block for 
a newcomer to radio, but it 1s so basic and you will be working with it so often 
that right now is a good time to discuss it. 

The electricity from a battery (or other direct current source) flows in 
one direction through a circuit. In other words, every time you turn on your 
flashlight, or the headlights of your car, the electrical current that flows 
through the lamp or lamps flows only in one direction. (The direction can be 
reversed by reversing the two connections at the battery.) The current in the 
electric lights in your home (and in all of the other appliances) is called 
alternating current. In most parts of the country it is 60-cycle alternating 
current or, to abbreviate it, 60-cycle a.c. This means that the current goes 
first in one direction and then the other, to complete a cycle, and it goes through 
60 of these cycles each second. It has a frequency of 60 cycles per second. (All 
frequencies should specify the time unit, but in electrical work the ‘‘per 
second”’ is understood and usually omitted.) Alternating current is used 
instead of direct current in homes and industry because it has certain advan- 
tages over d.c. in convenience of use and in long-distance transmission of power. 

Audio frequencies are those in the normal hearing range of 30 to 15,000 
cycles and, of course, include the speech frequencies. 
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The storage battery in an automobile 
is a common source of direct current. 
The current always travels in one direc- 
tion from the battery to the headlamp or 
other load and back to the battery. 

Electricity in the home is the most 
common example of alternating current. 
The direction of current flow reverses 
every 1/120th of a second. A complete 
cycle requires two reversals or alterna- 
tions, hence ‘‘60-cycle alternating cur- 


ALTERNATING rent.’’ 
CURRENT 


DIRECT CURRENT 


As mentioned earlier, radio frequency power is basically the same as 
your house power, but the frequency is different. When the frequency of an 
alternating current is higher than 15,000 or 20,000 cycles, some of the energy 
will escape into space from the conductor carrying the current. Frequencies 
that do this are called radio frequencies and the effect is called radiation. 
As mentioned earlier, the radio frequency (r.f.) energy leaving the conductor 
(wire) travels with the speed of light. 

An alternating current does not flow at maximum value in one direction 
for half of the cycle and at maximum value in the other direction for the 
remaining half of the cycle. Instead, it rises gradually to a maximum in one 
direction, falls to zero in that direction, rises to maximum in the opposite 
direction and falls to zero in that direction. This can be best illustrated by 
the sketch, which shows how the magnitude of the current and its direction 


CURRENT 
AND 9Q 
DIRECTION 


Current flow from left to right through the lamp can be called ‘6, and 
**—°? from right to left through the lamp. A 60-cycle alternating current would 
flow in one direction for 1/120th of a second and in the other for 1/120th of a sec- 
ond, as shown by the wavy line being above or below the 0 line. The current rises 
to a maximum and falls to 0, and then rises to maximum in the opposite direc- 
tion and falls to 0, as indicated by the wavy line: For an instant there is no cur- 
rent flowing in the lamp, and for a considerable part of the time there is rela- 
tively little current flowing. The light doesn’t show this by flickering because 
the changes are too rapid (the lamp can’t go on and off that fast and our eyes 
have persistence of vision), and we see a steady light. 

A single cycle is completed when an operation starts to repeat itself. Here you 
see that there is one cycle from crest to crest, or from zero value to similar 
zero value. 
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varies with time. As you can see, it repeats this operation over and over; each 
complete operation is one cycle. (If you are familiar with trigonometry, the 
shape of the cycle is that of a sine wave.) 

Try to visualize a radio-frequency current flowing in an antenna. It will 
vary in amplitude and direction of flow as shown in the sketch. At time A 
some radio energy is just leaving the antenna, with the speed of light. One 
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The alternating current in an antenna is changing very rapidly, 
but it can be represented in exactly the same way that the house cur- 
rent was, by a sine-wave curve. The time scale (horizontal) will be 
much different, since it will involve millionths of a second instead of 
hundredths. 


cycle later (B) the energy that left at instant A will be a certain distance from 
the antenna. This distance can be easily computed by multiplying the speed 
of travel by the time interval. The speed of travel is 186,000 miles per second 
(300,000,000 meters per second). If the frequency is, say, 4.0 Mc. (4,000,000 
cycles), then it takes 1/4,000,000 second to complete one cycle. In that time 
the energy will have traveled 300,000,000  1/4,000,000 = 75 meters. Thus we 
say a ‘“‘frequency of 4.0 Mc.,” or a ‘‘wavelength of 75 meters,’ to identify the 
same bit of radio energy. The wavelength designation comes from an early 
concept of radio and how it worked, based on early technical methods that 
actually measured the wavelength. But direct measurement of frequency is 
more accurate, particularly in the ranges used by amateurs, and now the 
wavelength concept is useful primarily in discussing antenna lengths and 
heights. It isn’t necessary to spell out the arithmetic as was done above, and 
the simple formula is ~ 

300 


Wavelength (meters) = Mc 


This relation holds only for conditions where the speed of travel is 300,000,000 
meters per second, as in free space. You will learn later that radio energy travel- 
- ing in material substances (such as in cables) will not travel as fast, and the 300 
in the above formula would then become a smaller number. Thus the wave- 
length of a radio frequency signal can be changed by the substance or medium 
through which it travels; the frequency cannot change in the medium through 
which radio waves travel, except in a few special cases that involve reflections 
from moving objects, or movement of the transmitting or receiving station. 
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A pure radio signal would follow the sine wave variations of amplitude vs. 
time exactly, as indicated in previous sketches. This type of wave has a single 
frequency. If through some defect in its generation, or through some deliberate 
or accidental means distortion is introduced in passing through a portion of a 
transmitter or receiver, its shape could no longer be that of a pure sine wave. 
When this happens, or is caused to happen, it will be found that radio energy 
exists not only at the original frequency, but some can be found at certain 
multiples of this frequency. For example, if we start out with a pure signal at 
4.0 Mc., distorting it will cause energy to appear at 8.0 Mc., 12.0 Mc., 16.0 Mc., 
etc. The proportionate amounts of energy found at these frequencies will 


RECEIVER DIAL 


Fs PURE SINE WAVE os 
SPOT 
= SINGLE FREQUENCY 
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= DEPARTURE FROM SINE WAVE 
= FUNDAMENTAL + HARMONICS 


A single-frequency signal would be tuned in at only one spot on a 
perfect wide-range receiver. A distorted signal (departure from sine 
wave) could be tuned in at the fundamental and at the harmonic 
frequencies. The strength of the harmonic signals would depend upon 
the degree of distortion and consequent departure from a pure sine 
wave. 


depend upon the mechanism of distortion; with intentional distortion it is 
quite possible, for example, to emphasize either the 8.0-Mc. energy, or the 
12.0-Me. signal, and minimize the others. This process is called frequency 
multiplication, and it is an important function of some internal portions of 
a transmitter. The 8.0-Me. signal is called the second harmonic of the 4.0-Me. 
signal (2 X 4.0 = 8.0), the 12.0-Mc. signal is called the third harmonic 
(3 X 4.0 = 12.0), and so on. In some special circuits, it is possible to detect 
energy at harmonic frequencies as high as the 300th and beyond. Harmonics 
in the output of a radio transmitter are undesirable and should be avoided, 
since they may fall on frequencies intended for other than amateur use and, 
if they are of sufficient strength, may interfere with another of the radio 
services, which is a violation of our government regulations. Normally you can 
only obtain integra] (2nd, 3rd, 4th, etc.) harmonics; it takes specialized clr-_ 
cuitry and techniques to generate sub-harmonics (14-frequency, 14-frequency, 
etc.). As you have guessed, there is no ‘first harmonic”; 1 times the frequency 
is the frequency itself, or the fundamental frequency. 


Measurement of Electrical Power 


Earlier we mentioned the electric current that flows in a flashlight lamp 
when the lamp is connected to a battery. Most flashlights use a 3-volt battery. 
The volt is a unit of electrical force, or potential, and a 3-volt battery has 3 
times the force of a 1-volt battery and 1% the force of a 6-volt battery. The 
lamp has a property called resistance, and this property is measured in 
ohms. Resistance is a property all substances have, to impede or resist the 
flow of electrical current. Substances with little or no resistance are called 
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conductors, while those with considerable resistance are called high-resistance 
materials. The highest-resistance materials are called insulators, because 
they prevent, or insulate against, the flow of current. 

Getting back to the flashlight, the 3-volt lamp has been designed so that 
its resistance permits the flow of just enough current to heat its filament (the 
fine wire in the lamp) to incandescence. A 11%-volt battery wouldn’t have the 
potential to push enough current through the filament to heat it sufficiently, 
and a 6-volt battery would push so much current through that the filament 
would burn out quickly, although it would give a nice bright light for an in- 
stant! Current is measured in amperes, and by definition, 1 volt will force a 


A 1% volt battery doesn’t have the potential to force enough current through 
a 3-volt lamp, but a 6-volt battery has more than enough! Notice that the volt- 
ages of the flashlight cells add when they are connected properly. One connec- 
tion of a cell is called positive (the small electrodes when not marked) and the 
other is called negative. Voltages add when connected in series (+ to —). 


current of 1 ampere through 1 ohm. The relationship, as you may have sensed 
when the flashlight bulb burned out, is that through a given resistance, the 
current is proportional to the voltage. Thus 


Potential in volts 


Current in amperes = ——--—_ 
P Resistance in ohms 


The traditional symbols for current, potential and resistance are J, H and R 
respectively, so the formula is usually written 


E 
3 Tz - 
From this and the simplest algebra, 
E=I1R,and k = 7 


It is a good idea to familiarize yourself with these simple relations, because 
they are essential to many of the problems you will encounter in your practical 
radio work, as well as in the technical portion of any license examination. The 
relationship is called Ohm’s Law, in honor of the man who first formulated it. 

Much of the time in radio work the currents involved are very much 
smaller than an ampere. Consequently the units milliampere and microampere 
are often used. A milliampere is one-thousandth (.001) ampere and is ab- 
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breviated ma.; a current of .005 amperes is written 5 ma. and spoken of as 
5 milliamps or 5 mils. A microampere is one one-millionth (.000001) of an 
ampere and, of course, 1 ma. equals 1000 microamperes. While you probably 
won’t run into microamperes very often, when you do the microamperes may 
be abbreviated wa. Meters are available for measuring current; depending 
upon their scales they will be called ammeters, milliammeters and microam- 


at 


— 
— 


CS 
=i, 


A voltmeter and an ammeter can be 
AMMETER connected in the lamp circuit to read 
current and voltage. Note that direct- 
current (d.c.) meters have polarity (+ 


and —) and that it was observed when 

these meters were connected in the cir- 

cuit. In other words, the + side of the 
VOLTMETER 


a meter goes to the + side of the voltage 
source. 


meters. Different types of meters must be used for measuring d.c., low-fre- 
quency a.c. and r.f. 

The unit of resistance is the ohm, as mentioned earlier, and normally any 
fraction of an ohm that you encounter will be given as a fraction or decimal. 
In the high resistances, running into the millions of ohms, the term megohm is 
used. One megohm is equal to a resistance of one million ohms. On the wiring 
diagrams of radio equipment, and sometimes in a list of parts, you may run 
into a cryptic designation like “10K.” This represents 10 kilohms, or 10,000 
ohms, and all you have to remember is that the ‘““K” stands for “thousand 
ohms.” The word kilohm is practically never used, but you may hear amateurs 
speak of ‘a 10-kay resistor.”’ And in speech or on wiring diagrams, a 2-megohm 
resistor usually becomes a ‘‘2-meg resistor.’’ Resistance is measured with an 
ohmmeter. 


OHMMETER 


An ohmmeter is used to measure re- 
sistance, but the voltage and current 
readings of the preceding picture would 
allow the resistance to be computed from 
R=E/I. (An ohmmeter works on the 
same principle; it measures the current 
flowing for a given applied voltage, but 
instead of indicating the current it indi- 
cates the resistance. ) 


But a volt is a volt. While you may occasionally hear about kilovolts 
(thousands of volts), millivolts (thousandths of a volt) and microvolts (mil- 
lhionths of a volt), most of your practical work will revolve around volts. Your 
flashlight battery is 3 volts, your car battery is 6 or 12 volts, and your house 
wiring is 115 volts to a light fixture and 230 volts to the electric range. Your 
amateur transmitter will probably use a maximum voltage of 500 or 600, 
unless you use high power and voltages of several thousand. Voltages are 
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measured by voltmeters, and they will be of different types depending upon 
the frequency. Like the ammeters, a d.c. meter is required for d.c. measure- 
ments, and an a.c. meter is required for a.c. measurements. These latter often 
have an upper frequency limit beyond which they are no longer accurate, so 
when you acquire current- or voltage-measuring equipment of any kind, it 
is wise to read the instructions and acquaint yourself with the proper use — and 
the limitations — of the instrument. 

There is one more basic term and unit in this family that you should 
know. The term has been used often in this discussion so far, but with no men- 
tion of the unit. The term is power, and it is measured in watts. In an elec- 
trical circuit, the power in watts is defined as the product of volts times 
amperes in the circuit. Hence if 1.0 ampere of current passes through the elec- 
tric light bulb in your reading lamp, connected to the 115-volt line as it is the 
power being used by the lamp is 1.0 X 115, or 115 watts. Obviously the 60-watt 
lamp on the other side of the room, which is also connected to the 115-volt 
line, has a smaller value of current passing through it. Since W (power in watts) 
equals # (voltage) times I (current in amperes) or W = EI, your algebra tells 
you that H = W/I and I = W/E. From the last formula, you can compute 
that the 60-watt lamp has a current of 60/115 or 0.52 amperes (520 milliam- 
peres, if you want some practice in converting. ) 

Later on, when you get your transmitter, you will want to be able to 
compute the power input to certain parts of it. To do this you just recall that 
the power W = EJ, read the meters and do the simple multiplication. In the 
case of your transmitter, the current will probably be indicated by a milliam- 
meter, so don’t forget to convert to amperes before you do the multiplication. 
For example, if the transmitter input is 150 ma. (150 milliamperes) at 500 volts, 
you change the 150 ma. to 0.15 ampere and multiply by 500, to give the correct 


answer of 75 watts. 


MILLIAMMETER 


To measure the power input to any 
part of a transmitter, it is necessary to 
know the voltage and the current. These 
are measured by a voltmeter and a milli- 
ammeter (or ammeter), and the power 
input is equal to volts times amperes. If VOLTMETER 
the meters shown here read 500 volts and 
80 ma. (.080 amperes), the power input 
would be 500 X .08 = 40 watts. 


~ 


You may be wondering about the meter that the man from the power 
company reads each month. This is a watt-hour meter and, as the name 
implies, it records the product of the number of watts your house uses times the 
number of hours it used them. It is a clock and counter; the more power you 
draw the faster the clock goes and the faster the counter changes. Watch it 
sometime when there are few electrical appliances running in the house and 
then have a few more switched on; you’ll see. You pay the company for the 
watt-hours you use; 100 watts for 2 hours or 200 watts for 1 hour will add 
the same amount to your bill. 

There is one more point in connection with electrical power that you 
should be familiar with, and then we will get back to that ham station you’re 
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going to have. Since power W = EJ, and you know from an earlier paragraph 
Nat RP the relations for power can also be written 

i? 

R 


(The small figure 2 above the J and EF means that the quantity is squared, or 
multiplied by itself. For example, 4? is read ‘4 squared’? and means 4 X 4, or 
16.) If you know algebra you can have a little fun deriving these relations from 
those given earlier; if you don’t know algebra just try and remember these 
formulas for future use, because they will come in handy. With them you can 
compute the power being used in a circuit if you know the current and the 
resistance or if you know the voltage and the resistance. And one last thing: 
remember that power can only be used up, or dissipated, in a resistance. And now 
we are going to talk about some important components that will be found in 
most radio circuits which, because they have little or no resistance, dissipate 
little or no power. 


W=P Rand W= 


Inductance and Capacitance 


When you start digging into a piece of radio gear you will continually 
run into two types of components that have the properties of inductance 
and capacitance. Don’t let these words frighten you; you will be at home 
with them presently, and much of the successful operation of radio equipment 
depends upon them. 

The components that have the property of inductance are called induc- 
tors, but if you are like most other amateurs you will call them coils. And coils 
describes them because coils they are, except in some special cases. Inductors 
are usually coils of wire wound in a single layer on an insulating cylindrical 
form or self-supporting with a minimum of insulating material, although to 
conserve space they may be made with many layers of turns. The wire must be 
so insulated or supported that adjacent turns don’t make electrical contact. 

When you apply an alternating voltage to an inductor, you will find 
that the current through the coil doesn’t follow a simple law like the earlier 
one involving resistance. Instead, the current becomes less as you increase 
the frequency, even though the voltage remains the same. If, for example, 
you measure 1 ampere flowing through the coil when you apply 100 volts at 
4.0 Mc., you will find that only % ampere is indicated at 8.0 Me. If you 
applied a direct voltage, as from a storage battery, the current would depend 
only upon the resistance of the windings, but any given inductor will tend to 
hold back the flow of alternating current to a degree that depends upon the 
frequency. This property is called reactance. Inductors used at low frequen- 


R.F. Ammeter R.F. Ammeter 


LOW 


Frequency Frequency 


Inductor Inductor 


The current flowing through a given coil, or inductor, decreases as 
the frequency is increased. A direct current passes to a degree limited 
only by the resistance of the winding. The core is the form on which 
the inductor is wound. 
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cies will usually have laminated iron cores in them to increase the inductance 
for a given number of turns, and at high frequencies powdered-iron cores are 
sometimes used for the same reason. For a given diameter and core material, 
increasing the number of turns increases the inductance. 

The basic unit of inductance is the henry, and you will run into it in 
power supplies and audio-frequency equipment. At r.f. the smaller units of the 
millihenry (thousandth of a henry) and microhenry (millionth of a henry) 
are usual. These two are abbreviated mh. and wh., respectively and, of course, 
LOO0 ph: 1 mh. 

You will often hear or read about a ‘10-henry choke” or a “21% millihenry 
choke’’, and you will probably wonder what inductance has to do with strangu- 
lation. The word choke is a carry-over from days gone by, when the action of 
an inductance in holding back the flow of high-frequency current was thought 


LOW HIGH 
Frequency Frequency 


The current flowing through a given capacitor increases as the fre- 
quency is increased. A direct current cannot flow through a capacitor. 


of as a choking process. You will also read about filter chokes and r.f. chokes; 
the first expression we will take up later. An r.f. choke is an inductor used in a 
circuit to permit the passage of direct currents and audio frequencies while 
preventing the flow of radio-frequency currents. Similarly, an audio-frequency 
choke is an inductor used to pass d.c. and hold back audio frequencies. 

A capacitor is basically two parallel plates of conducting material (sheet 
metal, metal foil) separated by an insulator (air, mica, ceramic, plastic). To 
conserve space, the plates are often stacked alternately, and the insulating 
material is made as thin as possible for the voltage at which the capacitor will 
be used. (High voltages can break through insulators that are quite adequate 
for lower voltages.) Or, the plates may be two pieces of metal foil rolled with 


BAD 


Capacitor 


Battery 


Current flows from a d.c. source into a capacitor until the capacitor is 
‘““charged’”’ (has a voltage equal to the source). The capacitor retains its 
charge until it is discharged by an external or internal resistance. Good 
capacitors will hold a charge for minutes; ‘“‘leaky’’ ones have low internal 
resistance and discharge in a few seconds. 


insulating material to form a tubular capacitor. The insulator prevents the 
flow of any direct current through the capacitor, but a.c. can flow through the 
capacitor, to a degree dependent upon the frequency of the a.c. and the capac- 
itance. 

It isn’t strictly true to say that no d.c. can flow through a capacitor. If 
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you connect a capacitor to a source of d.c. (a battery, for example), current will 
flow from the d.c. source for an instant. This energy is flowing into the capacitor 
to “charge’’ it; if the capacitor is removed from across the d.c. source, a volt- 
meter connected across the capacitor will show that a voltage appeared there 
equal to that of the d.c. supply. We say “appeared” because the voltmeter 
might draw enough current to “‘discharge’’ the capacitor, and the voltmeter 
would only indicate the voltage for a short time. 

The ease with which a capacitor passes a given frequency of a.c. and the 
amount of charge that it will hold at a given voltage depends on its property of 
capacitance. ‘his is measured in farads, an electrical quantity that is too big 
for any practical use and only comes about to make the arithmetic work out in 
certain formulas. The capacitors you will encounter will be measured in 
microfarads (millionths of a farad) and micromicrofarads (million mil- 
lionths of a farad). These are abbreviated uf. and uuf. respectively. When you 
hear an amateur talking about ‘10 mikes”, you will know he means a 10-yf. 
capacitor and not an Irish invasion. Similarly, ““micromikes’’ means but. Ca- 
pacitance increases with the plate area and decreases with the spacing, for any 
given insulating material between the plates. 

You will encounter the expression “bypass capacitor” or, simply, ‘‘by- 
pass.’’ A bypass capacitor is used to permit the passage of a.c. or r.f. while 
preventing any flow of direct current. When you become familiar with radio 
circuits you will see why chokes and bypasses are useful devices. 

Inductors and capacitors are not used solely for choke and bypass ap- 
plications. Probably their greatest use is in combination to form a tuned 
circuit. A tuned circuit has the ability to accept signals of one frequency, or a 
narrow band of frequencies, and not others. When you tune a receiver you 
are changing inductor-and-capacitor circuits within the receiver, to select 
the signal or signals you want to listen to. 


Circuits 


And speaking of circuits, it is about time you were introduced to a few of 
the symbols that are used in radio work to show how the various components 
are connected together. You have probably seen them in radio books or 
magazines and wondered how anyone could follow all that stuff, but actually 
it is easy. Just remember that these circuit, or schematic, diagrams are not 
picture diagrams of how the components look but how they are wired and that, 
while some of the symbols bear a slight resemblance to the components they 
represent, most of the symbols do not try to represent the physical appearance 
of the actual radio parts. 

Do you remember a few pages back when we talked about connecting a 
flashlight lamp across the terminals of a battery? The circuit diagram of those 
connections would look like this: 


LAMP 


A simple schematic diagram of a 3-volt 
battery connected to a lamp. Normally 
the components would not be labeled, 

3V because the symbols would be recognized 
as representing a battery and a lamp. 
7 = 
BATTERY 
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Here the parts are labeled so that you can see what they are. The + and — on 
the battery terminals represent the ‘‘positive’ and ‘‘negative’’ terminals. 
The lines running from the two symbols (lamp and battery) represent connec- 
tions, as you have undoubtedly guessed. These connections are usually made 
of wire, but they don’t have to be. In many pieces of radio and electronic 
equipment the metal of the chassis upon which the components are mounted 
is used as a common conductor in the circuit. For example, we could install 
the lamp and battery on a chassis or metal plate, and add a switch for turning 
the lamp on and off. If the chassis were not used to conduct the current, the 
schematic diagram would look like (A) below: 


TOGGLE 
SWITCH 


o—H|I re 
3V 


o—|I ee] 
3V 


a 
CHASSIS 
CONNECTIONS 


(A) (B) 


(A) Schematic diagram of a lamp and battery, with a toggle switch for turn- 
ing the light on and off. The switch is shown here in the open, or ‘‘off’’, position. 
(B) A metal chassis can be used to complete one side of the electrical circuit. 


If the chassis is used to conduct current, the circuit would look like (B). Elec- 
trically the two circuits are the same, but because the chassis is used so often 
as part of the circuit, the separate symbol has been established. Incidentally, 
the switch symbol is shown drawn in the open position in this example, and the 
lamp won’t light until the switch is closed and the battery potential can cause 
current to flow through the completed circuit. 

Most of the radio components that have been mentioned so far are things 
you are familiar with. An antenna is no stranger these days, and you also know 
that radios (and TV masts) are often connected to ground. These two symbols 
are shown below; many publications also use the ground symbol for the chassis 
connection mentioned above. 


Se 
a 


GROUND 
ANTENNA (sometimes CHASSIS) 


The plug on the end of a lamp cord or other electrical appliance is repre- 
sented by two solid blocks surrounded by a circle; the wall socket, or 
receptacle, is the same except that the solid blocks are shown in outline. The 
key used for forming the code characters you have undoubtedly seen in a 
radio store or amateur station, and the microphone, loudspeader and head- 
phones are all old friends. Their symbols are shown below: 
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PLUG RECEPTACLE KEY MICROPHONE SPEAKER HEADPHONES 
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The symbols for meters are easy to recognize; they consist of circles with 
the function designated within the circle, as shown here. The numbers along- 
side the meter indicate the range of the meter; in this case the voltmeter reads 
to 500 volts, the ammeter to one ampere, and the milliammeter to 100 ma. 
Meters for direct current will have their polarity indicated, while a.c. or r.f. 
meters, which have no polarity, will not. In d.c. circuits, the + terminal of the 
meter goes to the + side of the power supply. 


+ + 
0-500 O-! (ma) 0-100 


VOLTMETER AMMETER MILLIAMMETER 


Meter symbols are identified by letters within the circle 
to show the function (4 for ammeter, V for voltmeter, ete.), 
and the range (0-500 volts, 0-1 amperes, 0-100 ma.) is shown 
alongside. The polarity is marked on d.c. instruments. 


You may not be too familiar with resistors, inductors and capacitors, and 
you can hardly be expected to recognize them in all of the many physical forms 
they take. However, you will soon get used to them after you have built a few 
pieces of radio gear or thumbed through a few radio parts catalogs. The basic 
symbols for these three important electrical components are shown here. Many 
types of circuits require that the value of resistance, inductance or capacitance 
be adjustable, or variable, and this is indicated by an arrow through the 
symbol. Resistors and inductors are often made adjustable by providing an 
adjustable tap that moves along them and an example of the symbol is shown. 
These things aren’t hard to remember; the jagged line is resistance, the loops 


RESISTANCE INDUCTANCE CAPACI TANCE 


FIXED ; il 


ADJUSTABLE 
OR 
VARIABLE 


indicate an inductance, a straight line and a curved line indicates capacitance, 
and an arrow indicates that they are adjustable. 


Resonance 


Earlier it was mentioned that perhaps the greatest use of inductors and 
capacitors is in combination to form tuned circuits. To form a tuned circuit, 
the inductor and capacitor can be connected either in series or in parallel; the 
more common in radio work is the parallel connection. Connected in parallel it 
behaves like (“looks like’) a high resistance at one frequency, called its reson- 
ant frequency or frequency of resonance, except that it does not dissipate 
power. (You will recall that power can only be dissipated in a resistance.) To 
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clarify this a little, let us suppose we have a source of variable frequency rf. 
energy, and we connect its output to a parallel-connected tuned circuit through 
a resistor, so: 


6 


Frequency 


Signal Generator 


The box represents the source of r.f. energy, with a dial for setting the fre- 
quency, and the output runs to the parallel-connected tuned circuit (C and L) 
through the resistor R. An r.f. voltmeter is connected across the tuned circuit, 
to make some voltage measurements. We will assume that the source of r.f., 
or signal generator has constant output at all frequencies, the frequency 
being determined by the setting of the dial. If we turn the dial to change the fre- 
quency from the signal generator, we will find that the voltage measured across 
the tuned circuit (1 and C) would follow a curve like this: 


Voltage 
Across 
LE 


Low Resonant High 
FREQUENCY 


It would be low at low frequencies, then build up to a maximum at the resonant 
frequency, and then become low again at higher frequencies. The resonant 
frequency depends upon the product of Z and C (i.e.; L multiplied by C), so a 
circuit with a 10-mh. inductance and a 50-yuf. capacitor would resonate at 
the same frequency as a 10-yyf. capacitor and a 50-mh. inductance (or 20 mh. 
and 25 wyf., or 25 mh. and 20 uyf., etc.). 

A series-connected circuit behaves in somewhat the same way, except that 
it behaves like a very low resistance at the resonant frequency: 


R 


L Current I 

Through : 

Leak : 

and C ! 

Frequency (+) C | 
Low Resonant High 


Signal Generator FREQUENCY 


The basic points to remember are (1) a parallel-tuned circuit acts like a 
high resistance at its resonant frequency (without consuming power), and a 
series-tuned circuit acts like a low-resistance connection at its resonant fre- 
quency. (2) The resonant frequency depends upon the LC product (LZ times C). 

By the way, did you notice that you’re reading the schematic symbols? 
It isn’t too difficult, is it? 
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Vacuum Tubes 


The heart of modern radio, and of the entire field of electronics, is the 
vacuum tube. And while their shapes and sizes and external appearances may 
vary widely, tubes all operate on the same basic principles. 

Up to now we have talked about electric currents without any detailed 
description of what they really are. This is sufficient when you're dealing 
with currents in wires, but not when you get into vacuum tubes. To understand 
vacuum tubes you have to know something about these currents, and to know 
about currents you have to be on speaking terms with the electron. 

Now electrons can get to be pretty complicated, as any physicist will 
testify, but for our purpose it is sufficient to know that they are the smallest 
particles whose mass and charge have been determined. Together with protons 
and neutrons, electrons are part of the atom, and it’s reasonable to assume you 
know that word and the fact that all matter is made up of atoms. The atoms 
of the various basic elements are different because they contain different 
numbers of electrons and the other ingredients. 

As mentioned above, the electrons have an electric charge (called negative 
to tell it apart from the opposite kind of charge, called positive, that protons 

have). A basic rule in electricity is that opposite charges attract and like charges 
repel. Kach atom contains a number of electrons, together with a nucleus 
(protons and neutrons); the electrons are believed to rotate about the nucleus 
much like the planets around our sun. The positively-charged nucleus attracts 
the negatively-charged electrons and holds them in orbit; in many substances 
the attraction is so great that the electrons are rigidly held and can escape 
only with great difficulty. In other substances, however, the electrons are not 
quite so strongly attracted, and it is quite easy to dislodge them. If an electron 
is dislodged from an atom in such a substance, this atom in turn attracts a new 
electron from a neighbor, and the neighbor from its neighbor down the line, 
and so a regular chain of motion is set up. This motion of the electrons, or this 
indication of an inequality in charges along the line, is called electric current. 

When a strong source of difference in charges, like a battery, is connected 
to a length of wire or other conductor, a large current flows through the wire, 
and the electrons work overtime trying to equalize the large difference in 
charges that exists at the two ends of the wire. But it must be remembered that 
the current through a wire is only a balancing of charges maintained by the 
movement of electrons from atom to atom, a relatively short hop. In other 
words, any single electron doesn’t flow the length of the wire or anything like it. 

The substances in which it is easy to dislodge an electron are the conductors, 
because they conduct electricity easily. They include most of the metals, with 
silver being the best, followed by copper and aluminum among the common 
metals. Substances that conduct little or no current are called ensulators; dry 
air, ceramics, some plastics, mica and quartz are among the better insulators. 

Getting back to the vacuum tube, it was found some time ago that some 
materials when heated in a vacuum will emit electrons. The emitting material 
is called a cathode. Two methods are generally used to heat the cathode: a 
current can be passed through the material to raise its temperature, in which 
case it is called a filament or directly-heated cathode: or a “thimble” of cathode 
material can be heated by a coil inside the thimble, in which case it is called an 
indirectly-heated cathode. Simple pictures of these are shown here, together 
with the symbols used to represent them in schematic diagrams. It should be 
apparent, of course, that it isn’t necessary to use a battery to heat the cathode; 
a.¢. 18 commonly used in radio equipment, and the batteries are shown here for 
simplicity. In many schematics the heater connections may not even be shown, 
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since any radio man worthy of the name will know that the cathode must be 
heated, and the heater-connection details only clutter up the diagram. 

If nothing else is put in the vacuum except the hot cathode, the first few 
million or billion electrons set free will cloud around the cathode and, having 
negative charges, repel any other electrons that are trying to escape from the 
cathode. However, if another element, called the plate, or anode, is installed 
in the vacuum, and if this element has a positive charge, some of the electrons . 
will be attracted, in proportion to the magnitude of the positive charge. You 
ean think of it like this: 


Plate 
a 


Cathode” 
(Hot !) = [! + 


The electrons flow from cathode to plate to equalize the charge; this constitutes 
an electric current. The difference between this current flow, and the current 
flow in the wires in the external circuit, lies only in the distances the electrons 
travel; it is still the same basic business of the electrons trying to equalize the 
charge around the circuit, and not being able to do it until the battery runs 
out of current and can’t produce the difference in charges, or until the cathode 
runs out of emission or becomes cold because the heater is turned off or burns 
out. A milliammeter connected in the circuit will indicate the current flowing 
around the circuit. 

A tube like this with two elements (plate and cathode) is called a diode. 
Current can be made to pass through it in only one direction; no current would 
flow through the diode if the negative ( — ) terminal of the battery were con- 
nected to the plate — the plate cannot emit electrons because of its composi- 
tion and low temperature. 
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Diodes and Power Supplies 


So far we have shown batteries as the sources of direct currents, but in 
most of your work you will probably use an a.c. power supply. This is a device 
that takes the 60-cycle a.c. from your house wiring and eventually delivers 
d.c. that is almost as good as you would get from a battery. (Later on you will 
see why we said ‘‘almost as good.’’) : 

An a.c. power supply consists of three basic sections: the transformer, 
the diode rectifier, and the filter. Let’s start with the transformer. Earlier we 
mentioned inductors, or coils, and said that they were used with laminated 
iron cores at low-frequency a.c. The symbol for such an inductor, and a sketch 
of the practical form it might take, are shown here. The laminated iron core 
is usually built up from L- or U-shaped stampings, to facilitate winding the 
coil first and then assembling the unit. An actual unit might have hundreds or 
even thousands of turns of wire on it; the sketch is greatly simplified. 


INDUCTOR 
IRON-CORE 
INDUCTOR 
TRANSFORMER 
IRON- CORE 
TRANSFORMER 


The top line shows the symbol for an iron-core inductor and 
one of the common physical forms. In practice the inductor 
might have hundreds, or even thousands, of turns of wire. 

The bottom line shows the symbol for an iron-core trans- 
former and one of its common physical forms. 


The second line of the illustration shows the symbol for a transformer and 
the physical construction. As you can see, two separate coils of wire are wound 
on the same core, and, like the simple inductor, it may have hundreds or thou- 
sands of turns in the windings, although in some transformers one of the 
windings may have only a few turns. 

Transformers are designed for specific frequencies or frequency ranges, 
like 60 cycles, 400 cycles, and the audio-frequency range. The latter are called 
audio transformers and the former come under the heading of power trans- 
formers. A 400-cycle transformer will get very hot when used at 60 cycles, but 
a 60-cycie transformer will work at 400 cycles, for reasons beyond the scope 
of this discussion. (But we did want to warn you not to buy war-surplus 400- 
cycle transformers and expect to use them at 60 cycles.) 

The input, or primary, winding of a transformer connects to the power 
source. Let’s say we have a 60-cycle power transformer designed to work with 
115 volts on the primary. (Some are designed for 230 and other voltages.) We 


OF RADIO 33 


connect this primary to the 115-volt line by means of a plug and length of 
lamp cord. Measuring the voltage across the secondary (the other) winding 
with an a.c. voltmeter, we find that the voltage is something other than 115 
volts. We could predict what this voltage would be if we knew the number of 
turns on both primary and secondary, because the voltage transformation 
depends upon the turns ratio of the transformer. Take a specific case. The primary 
has 300 turns and the secondary has 900 turns. This is a ratio of 1 to 3, and the 
secondary will measure 3 X 115, or 345, volts. If the secondary had only 30 
turns, the ratio would be 10 to 1 and the secondary voltage would be 115 + 10, 
or 11.5 volts. 

You can see what a useful device a transformer can be, because it permits 
us to start with an a.c. power source at 115 volts and go up or down in voltage 
level very conveniently, which isn’t true of a d.c. power source. The power level 
remains the same, however; the transformer that delivers 345 volts at .1 
ampere (W = EI; 345 X 0.1 = 34.5 watts) draws 0.3 ampere at 115 volts 
(I = W ~ E; 34.5 + 115 = 0.3 amp) from the line (plus a little bit more 
because there are some slight losses in the transformer itself). Similarly, the 
transformer that delivers 11.5 volts at 3 amperes draws 0.3 ampere from the 
115-volt line. In other words, the power drawn by the primary must equal the 
power in watts delivered by the secondary (neglecting the slight losses in the 
transformer). . 

Many power transformers will have several secondary windings, to give 
several different voltages. For example, the power transformer in a receiver 
or small transmitter might have three secondaries: one delivering 6.3 volts, 
one 5 volts, and one delivering 800 volts. This would be shown in a schematic 
diagram like this: 


So Va 


Ee = 


POWER TRANSFORMER 


The symbol for a transformer with several windings, 
such as a power transformer. The numbers on the right- 
hand side (secondaries) represent the voltages that will be 
obtained when 115 volts is applied to the primary (left- 
hand) winding. Notice that a lead is shown from the center 
of the 800-volt winding; this is the schematic representa- 
tion of a tap on an inductor and, in the case of a trans- 
former, it is usually a center tap that divides the winding 
into two equal parts. 


The 6.3 volts is used to heat the cathodes of the many vacuum tubes in the 
receiver or transmitter, the 5-volt winding heats the filament or cathode of the 
diode rectifier, and the 800-volt winding will supply the power that is to be 
converted to d.c. by the rectifier and filter. Power transformers are usually 
completely enclosed in a case, so they won’t look like the earlier sketch unless 
the case is removed. 
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To understand diode rectifier action, let’s connect a diode to the 800-volt 
secondary of our transformer, using the 5-volt winding to heat the filament. 
This is shown in the sketch below. (A plug has been connected to the primary, 


SV 


+ 
CURRENT O 


Schematic diagram of a power transformer connected to 
a diode. In this case the cathode of the diode is a filament 
of wire heated by the current from the 5-volt winding of 
the transformer. Diodes used in power supplies often use 
directly-heated filaments instead of the indirectly-heated 
cathodes common to receiving tubes, but the action of 
emitting electrons and the performance of the tube is the 
same as described earlier. 

Since the diode can conduct current in only one direc- 
tion, the current through R is alternate half cycles of the 
a.c., as shown by the solid lines in the bottom sketch. The 
dotted lines represent the half cycles when no conduction 
takes place. 


and the 6.3-volt secondary was omitted because we aren’t considering it right 
now.) You will notice that we have added a resistor R and that only half of the 
800-volt secondary is being used. The resistor is necessary to complete the 
circuit, and we are going to see what the current flow through R looks like. 
Since only half of the turns of the 800-volt secondary are being used, we know 
that 400 volts a.c. appears between the transformer center tap and the diode 
plate. 

During the half of the a.c. cycle that the applied voltage makes the plate 
positive with respect to the cathode, the diode rectifier will conduct and current 
will pass through #. During the other half of the cycle, no current can pass 
through the diode and consequently no current can pass through R. The 
current passing through FR varies with time as shown in the sketch. The action 
of the diode in permitting the current to flow in one direction only is called 
rectification. 

If now another diode is connected to the unused portion of the secondary 
winding, this second diode will conduct during the portions of the a.c. cycle 
that the first diode cannot. The current through R varies as shown. The 
rectifier circuit with diodes working on both halves of the cycle is called a 
full-wave rectifier, as opposed to the single diode half-wave rectifier that only 
uses half of the cycle. A full-wave rectifier does not necessarily require two 
tube envelopes as shown; many diodes are built with the two plates and the 
common filament or cathode in a single envelope. 
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When diodes are used to 
conduct on both halves of 
the a.c. cycle, a full-wave 
rectifier circuit is obtained. 
The bottom sketch shows 
the current flow through 
R. (Note the use of the 
chassis symbol for the re- 
turn path in this sche- 
matic, and compare it 
with the preceding circuit 
where no chassis connec- 
tion was shown.) 


Current 


The Filter 


The output from the rectifier, as represented by the current flowing through 
the resistor R, is not quite as good d.c. as you would get from a battery — not 
by a million miles! Actually it is what is known as pulsating d.c.; it flows in only 
one direction but not at a steady value. If you were to use this to replace a bat- 
tery supply in a transmitter or receiver, it would introduce a strong hum on 
all signals, of the type you sometimes hear from small broadcast receivers. ‘l’o 
smooth out the pulsations and eliminate the hum and its effects, a filter is used 
between the rectifier and the load R. 

The simplest type of filter is a large capacitor across the load FR. If the 
capacitance is high enough and the resistance of R is not too low, the capacitor 
will charge during the time the diodes conduct but it will not completely dis- 
charge during the times the diodes aren’t passing much current. As a result, 
- the current through # will never go down to zero. This is shown by comparing 
the two wave forms in the sketch. With the capacitor C installed, there is less 
hum, or ripple, in the current passing through R than there would be without 
the capacitor. 
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CAPACITOR FILTER CHOKE INPUT CAPACITOR INPUT 


The simplest filter for reducing power-supply hum is a capacitor. It is not too 
effective, however, except when the current demand is quite small. Better filtering 
action can be obtained by- using a combination of inductance and capacitance, as in 
the choke-input or capacitor-input filter. 


A further improvement in filtering action can be obtained by using an in- 
ductor, or filter choke, in series with the load. The basic filter sections can be 
cascaded (connected one after the other) to improve the filtering action still 
further. The two basic filters are called choke input and capacitor input 
filters. Generally speaking, the more inductance and capacitance used in the 
filter, the greater the ripple reduction will be. In the filter drawings shown here, 
it should be understood that the resistance R represents the load for the power 
supply, which might be a transmitter or receiver. 

Good practice calls for connecting a high-resistance resistor across the 
output of a power supply, to discharge the capacitors when the power-supply 
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primary voltage is turned off. Such a resistor is called a bleeder resistor 
because it bleeds the charge from the capacitors. Although it does not use 
much power, its use decreases the chances for accidental electrical shock. 


The Triode Vacuum Tube 


Now that we’ve learned a little about transformers and power supplies, 
let’s get back to the vacuum tube. The diode is a one-way street for current 
flow, but by adding a policeman with authority we can do a lot more than the 
diode can do. The policeman, or authority, is called the grid; it is a mesh of 
wires between cathode and plate. By putting a negative charge on the grid 
(policeman holding up his hand), the current flow can be stopped, because the 
grid is nearer the cathode than the plate and a relatively small negative charge 
on it can overcome the attraction of the positive charge on the plate that must 
be felt over a greater distance. A smaller negative charge on the grid (police- 
man waving traffic on) permits the plate’s positive charge to be felt in the 
vicinity of the cathode and attract the electrons. Since the grid is a mesh 
and not solid, the electrons can pass through to the plate and current flows 
through the vacuum tube. The action is something like this: 


this voltage 


is high 
enough Less voltage 
here allows current 
w 


here 


It should be realized that the action in the vacuum tube is not a stop-and- 
go operation like much automobile traffic is. It is a smooth and continuous 
operation, in which the current flow through the tube increases in proportion 
to the reduction in negative charge at the grid. The action of the grid is often 
likened to the control ability of a valve in a water line and, as a matter of inter- 
est, the British call vacuum tubes ‘‘valves’’. 

If the grid is made positive with respect to the cathode, some current flows 
from the cathode to the grid (the grid acts like a small plate) but most of the 
current flows to the plate unless the grid is made quite positive. 

It is important to realize that no power is taken from the battery shown 
connected in the grid circuit (between grid and cathode) unless the positive 
terminal is connected to the grid, yet power is being taken from the plate 
battery (as evidenced by the plate current flow). This means that the vacuum 
tube gives us a tool with which a relatively large current flow can be controlled 
by a voltage source that doesn’t have to furnish any power. It’s like the one- 
way street, where the wave of the policeman’s hand controls the tons of 
automobiles in the street. By using a vacuum tube in an electrical circuit, a 
small electrical signal can be amplified into a large one, through the magic 
of the action of the grid. In a radio receiver, almost infinitesimal signals in the 
antenna circuit can be amplified by vacuum tubes up to similar signals measured 
in watts. It should be mentioned that proper operation of vacuum-tube ampli- 
fliers permits the output signal to duplicate the input in frequency and changes 
in amplitude. The action of the grid in controlling the plate current can be 
considered instantaneous in most applications. 
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A vacuum tube with a cathode, plate and grid is called a triode (three- 
element tube). In many instances tubes with more grids are more suitable, and 
you will find tetrodes (four-element tubes with two grids) and pentodes (five- 
element tubes with three grids) in many spots in your radio equipment. But 
the grid to which the signal is applied, the control grid, is the policeman in the 
one-way street. 

The actual amplification through a vacuum tube depends upon the con- 
struction of the tube and what is connected in the plate circuit. This is easy 
to see in an example: 


10 VOLT 20 VOLT 
SIGNAL SIGNAL 
1 VOLT SIGNAL t 1 VOLT SIGNAL { 
1A 1ma BIAS 1ma 
ox CHANGE CHANGE 
AMPLIFICATION=“2 = 10 AMPLIFICATION = 20. = 20 


Suppose we have a vacuum tube that, by the nature of its construction, gives 
a change of 1 ma. in plate current for a 1-volt signal at its grid. H we connect 
a 10,000-ohm resistor in the plate circuit, a 1-ma. change in plate current 
develops a 10-volt signal across the resistor (0.001 X 10,000 = 10). If we use 
a 20,000-ohm resistor instead of 10,000 ohms, a 1-ma. change in plate current 
develops 20 volts. Thus by simply using a higher value of resistance for the 
plate ‘‘load”, we increased the amplification of the stage from 10 to 20. The 
process can be carried further, until it eventually becomes limited by certain 
practical considerations. The important thing to remember 1s that, for a given 
vacuum tube and set of operating conditions (grid bias, plate voltage) the volt- 
age amplification will depend upon the “‘load” in the plate circuit. 


Selectivity 

If we wish to build an amplifier that will amplify a wide range of fre- 
quencies equally, as in an amplifier for audio frequencies, we choose something 
for a plate load that has as nearly as possible a constant value of resistance 
over this frequency range. A resistor is, of course, a good example of such a 
load, although a good audio-frequency transformer will also satisfy the require- 
ment. However, if it is desirable to amplify only a single frequency or a very 
narrow band of frequencies, we can use a load that has a high resistance only 
at the desired frequency. This is our friend the parallel-tuned circuit, described 
some pages back. You will recall that a parallel-tuned circuit behaves like 
a high resistance at the resonant frequency and increasingly like a low re- 
sistance as you move away from the resonant frequency. It’s just what we 
want. Unfortunately, it is usually difficult to build a single tuned circuit that 
is capable of rejecting unwanted signals to the degree we would like, and we 
are forced to use several circuits, all tuned to the desired frequency. Their 
cumulative effect is illustrated by the following example: 


IS 16 17 IS 16 17 IS 16 I7 
GOING - GO/NG — GONE. 
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Let us suppose that three signals are coming down the antenna lead; they 
are represented by the three vertical lines marked 15, 16 and 17 (which could 
mean signals at 7.15, 7.16 and 7.17 Mc.). The strength of each signal is propor- 
tional to the height of the line representing it, so we see that these three signals 
have the same strength as they come down the antenna lead. We tune L,C, 
to the frequency of signal 16, and thus when the three signals are presented to 
vacuum tube V, the signal 1/6 is slightly stronger. We also tune LC, to fre- 
quency 16; tube V; amplifies this signal more than the others, and thus a pro- 
portionately-larger signal is fed to Vz. At the same time the selectivity of L2C. 
has cut down the amplitudes of 15 and 17. By tuning L3C3 to frequency 16 the 
process is carried still further, and only signal 16 is presented to V3. If the 
operator wishes to listen to signal 15, he must tune the circuits to frequency 16. 
(In practice, the three variable capacitors would be linked mechanically so 
that a single control tunes the three circuits simultaneously.) 


Detection 


In the receiver just outlined, the tubes Vi and V2 would be used as, and 
be called, ‘‘radio-frequency amplifiers” (or, more usually, ‘‘r.f. amplifiers”). 
But notice that V3 has a pair of headphones connected to it, and you can guess 
that r.f. doesn’t operate a headphone set. Yes, V3 has a different function; 
it represents a vacuum tube operated as a detector. A detector is a vacuum 
tube so connected and operated that it will recover the intelligence from the 
received r.f. signal. That last statement sounds pretty fancy, doesn’t it? But it 
isn’t, really; let’s see how simple it is. 

One of the most common forms of detector is a diode rectifier, connected 
as a half-wave rectifier. Here’s an old friend, talked about back in the section 
about power supplies. You recall that a diode rectifier will take an a.c. signal 
and transform it into d.c., like this: 


ai Cay = 
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The a.c. fed to the diode was rectified and, through the action of the simple 
filter C, ended up as a d.c. through R, which of course developed a voltage 
across &. But we didn’t say a thing about frequency; the diode works at any 
old frequency, for all practical purposes. We could have used an rf. signal 
instead of the 60-cycle signal, and the diode would work just as well. (The 
transformer wouldn’t require iron in it at r.f., and we could use a much smaller 
capacitance at C for the same degree of filtering, but everything else is the 
same.) Our r.f. rectifier might look like this: 


R.F.IN — oC 
HERE—> R HERE 
Sie. 


There’s a mighty close resemblance. 

Now think back to the early talk about a phone (A3) signal. We said that 
the output was modulated, or varied, in accordance with the sound waves of 
the voice of the operator. Even if this operator is a coloratura soprano his voice 
vibrations aren’t going to occur faster than 6000 to 7000 times a second, so 
we know that the r.f. signal he is modulating doesn’t change its level faster 
than that. But let’s say that during a short ‘‘Ah” or ‘“‘Oh”’ in his speech his 
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voice is close to a pure 800-cycle tone. During the time it takes to say the ‘‘Oh”’ 

r “Ah” the transmitter output is being varied at a rate of 800 cycles per 
second. If the voice tones were at other rates, the transmitter output would be 
varying at those other rates. 

Reconsider the detector. It develops a voltage across & that is propor- 
tional to the signal fed to the input. The filter C can smooth out the rapid 
(millions per second) changes at r.f., but if we make the capacitance small 
enough it can’t smooth out an 800-cycle change. Consequently, if the strength, 
or amplitude, of the r.f. is varying at 800 cycles, the current through Ff is vary- 
ing in a like manner. Put a pair of headphones in the circuit in the place of R 
and the headphone output varies at 800 cycles per second. That’s the 800-cycle 
“Oh” or “Ah” the transmitting operator was speaking at that instant; we 
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have transmitted voice by radio. But make no mistake: we transmitted voice 
(intelligence, even if it was only an ‘‘Oh’’) by changing the transmitter output 
in accordance with the voice frequencies, and then used a device called a de- 
tector to reclaim the modulating frequency (or frequencies, because voice is 
usually more complex than a single tone). The voice itself doesn’t pass through 
the air from transmitter to receiver, even though you will hear references to a 
“carrier” when you start talking with other hams about amplitude modula- 
tion. (The preceding explanation of modulation and detection is a classical one 
and is quite valid, but as soon as you can you should learn more about side 
bands and other factors involved. ) 

So far we have only talked about vacuum tubes used as voltage amplifiers 
and detectors. The prime purpose of a voltage amplifier is to build up weak 
signals, in the microvolt or millivolt range, into signals that would be measured 
in volts. Voltage amplifiers generally will have high gain (ratio of output to 
input signal voltage), low distortion and poor efficiency. To get the maximum 
power from any given tube the grid must be driven positive during a portion 
of the signal cycle. Tubes operated this way are usually found only in trans- 
mitters. 
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Transmitters 


If you have managed to stay with us up to here, we’re ready to talk trans- 
mitters. Although the antenna is actually the me important factor in the 
strength of one’s signal at a distance, most amateurs take the greatest pride in 
their transmitters. There is a good reason, of course. A good transmitter puts 
out a signal that leaves little room for improvement, from the standpoint of its 
voice quality or its clean, crisp keying, and it is admired by all that hear it. 

The simplest type of transmitter is an oscillator working directly into 
the antenna. The oscillator is the frequency-determining portion of a trans- 
mitter, and it is simply a vacuum-tube amplifier connected in a manner that 
will feed back some of the output voltage to control the grid. You can see that, 
in a sense, this is like a dog chasing its tail, and it is this kind of action that 
sustains the oscillations. The frequency of the oscillations depends upon the 
tuned circuit in the oscillator and a few factors beyond the scope of this book. 
But it isn’t too difficult to picture the operation of an oscillator by starting out 
with an amplifier circuit and then modifying the circuit slightly. 
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The circuit at the left is that of an r.f. amplifier drawn in more detail than 
before. You will recognize the tuned circuit LC, in the plate circuit ; a plate 
by-pass capacitor C3; and an r.f. choke RFC are shown because most practical 
circuits include them. C’3 furnishes an easy path for the r.f. to complete its flow 
around the plate circuit and RFC discourages any r.f. from trying to flow in 
the power supply. Together, RFC and C; form an rf. filter. You will notice 
that no grid-bias battery is shown in this circuit. Instead, the grid of the tube 
acts as the plate of a diode rectifier; when a signal is applied at the input the 
grid rectifies some of this signal. The rectified current flows through R and is 
called grid current; the voltage drop of this current flowing through R supplies 
the grid bias. Obviously in a circuit like this the tube is biased only when there 
is an incoming signal, so we have to remember never to apply full plate voltage 
without a proper signal at the grid. The capacitor C2 prevents any possible 
short circuit across R. Incidentally, you will find the resistor R called a ‘“‘orid 
leak”; this term dates back to the early days of radio and has nothing to do 
with a need for plumbing repairs. (Don’t let anyone sell you a drip pan for a 
grid leak!) 

To make an oscillator out of the circuit, it is necessary to derive our input 
signal from the output. This we do by connecting the plate-return circuit up on 
the coil, as shown at the right, and then running the lead to the grid around to 
the end of the tuned circuit. If the tap is made at a proper point on the coil 
(it isn’t highly critical but it varies with tube characteristics) the oscillator will 
run along merrily when power is applied. The frequency of its output will be 
determined by LC. There are several basic oscillator circuits, varying in the 
way the feedback is obtained, but the operation is always based on the same 
principle: using some of the output signal as the input signal for an amplifier. 
The one shown above uses “‘inductive feedback” (feedback of a portion of the 
voltage across L,) but capacitive coupling is used in some other circuits. 

One difficulty with oscillators like the one just discussed is that they are 
not always as stable as we would like them to be. Since the frequency of the 
output is determined by L,C,, it is obvious that if the inductance or capaci- 
tance, or both, change with temperature or humidity or mechanical vibration 
then the output frequency likewise will change. Oscillators are also sensitive 
to changes in plate voltage and to how much power we try to take from them. 
Although excellent ‘“‘self-controlled oscillators” can be built by exercising sufhi- 
cient care, the easiest way to stabilize an oscillator is to use a quartz crystal 
as the frequency-determining element. This quartz crystal, when properly cut 
and used, has the interesting ability to vibrate mechanically at radio fre- 
quencies; the exact frequency depends upon the thickness of the quartz wafer 
among other things. The crystals used by amateurs are usually smaller than a 
postage stamp and about .05 inches thick. Thin crystals operate at high fre- 
quencies, thick ones at low frequencies. 

A crystal oscillator circuit might look like this: 
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As you can see, it looks just like the amplifier circuit, except that the quartz 
crystal is used where the input signal was formerly applied. No, we didn’t 
forget C,; it just isn’t necessary in this case because the crystal won’t short- 
circuit R, and good hams simplify circuits wherever possible. In the crystal 
oscillator circuit shown here, capacitive feedback is used. Don’t look for the 
feed-back capacitor because you won’t find it drawn in the circuit. The small 
capacitance between the grid and plate of the tube, amounting to only a few 
uf. at most, is usually sufficient to furnish the necessary feedback. Oddly 
enough, this circuit stops oscillating when LC; is tuned exactly to the crystal 
frequency; it must be tuned to a higher frequency for the stage to oscillate. 
When you get farther along in radio theory and understand about phase rela- 
tionship you will understand why, but we won’t burden you with it here. 

The power output from a crystal oscillator stage usually cannot be pushed 
very far without danger of shattering the crystal. For this reason, the usual 
practice is to use a crystal oscillator stage to control a power amplifier. An 
oscillator stage with an output of a few watts can be used to control an amplifier 
capable of delivering twenty-five to several hundred watts. If the desired out- 
put frequency is higher than the frequency of the oscillator stage, a frequency 
multiplier stage (or stages) is used following the oscillator. Thus oscillator 
output at 3550 ke. can be multiplied to 7100 ke. by a two-times multiplication 
(doubling) and then by a three-times multiplication to 21,300 ke. Thus by 
doubling and tripling one can use a 3550-ke. oscillator for 21,300-ke. frequency 
control. Frequency multipliers are usually called doublers or triplers, to de- 
scribe the order of frequency multiplication. The circuit diagram of a frequency 
multiplier is quite similar to that of a straight amplifier, except that the plate 
circuit is tuned to two or three times the frequency of the grid signal. Multi- 
pliers require a much higher grid bias than straight amplifiers, and they aren’t 
as efficient in operation. 

It wasn’t exactly accurate to say that the oscillator stage controls the 
amplifier. It would be more correct to say that ‘‘the signal from the oscillator 
(or multiplier) stage is amplified by the power amplifier stage.” However, in 
your amateur work you will hear the oscillator (or multiplier) signal described 
as the “‘excitation”’ or the ‘“‘drive”’ for the power or final stage. You will also 
learn that a triode amplifier with the grid and plate circuits tuned to the same 
band will require neutralization or it will become an oscillator, while a tetrode 
or pentode amplifier will normally require no neutralization. This point wasn’t 
brought up before; it was saved until you learned in the crystal-oscillator 
description that the grid-plate capacitance is a potent feed-back path. The 
erid-plate capacitance is minimized in tetrodes and pentodes by the presence 
of the screen grid, a grid between control grid and plate. 

If you have a fair grasp of everything that has been discussed so far, you 
know more than enough to pass the technical portion of the Novice examina- 
tion, with the exception of a few definitions that will be treated presently. 


A2 FUNDAMENTALS 
Keying and Modulation 


After you acquire a receiver and listen around in the amateur bands, you 
will begin to recognize that all of the Al (radiotelegraph) signals don’t sound 
the same. Ignoring the differences that result from the different sending speeds 
and (unfortunately) the different interpretations of what good code is, you 
will notice that some signals change pitch (frequency) during a dot or dash. 
This is called chirp. You will also notice that some signals have a click or 
thump on make (beginning of character) or on break (end of character) or 
both. The clicks may be combined with chirps. Or the signal may have a low 
humming sound, indicating that more filter is needed in the power supply. 

It would be quite natural to assume that, when a transmitter with good 
stable output on, for example, 3760 ke. is turned on and off by means of a 
telegraph key, the only frequency the output energy could have would be 3760 
ke. Such is not the case, however. If the transmitter output is turned on and 
off quite rapidly, energy will appear either side of 3760 kc. during the instants 
that the transmitter is turned on and off. If the transmitter output can be 
made to increase to full output more slowly (and fall from full output slowly on 
break), the energy appearing on either side of 3760 ke. will extend only a few 
hundreds of cycles at most, instead of the kilocycles it will extend when no 
provision is included for the gradual rise and decay of the output. The equip- 
ment used to reduce these key clicks is called a key click or shaping filter. 
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Another source of spurious signals from a radiotelegraph transmitter is a 
parasitic oscillation. This is a signal on a frequency entirely different from 
that of the designed signal and is caused by the power amplifier (or other stage) 
oscillating by itself. Low-frequency parasitic oscillations are caused by the 
amplifier oscillating at from 30 to 100 kc.; their effects will usually be a single 
signal either side of the normal transmitter frequency, removed from the trans- 
mitter frequency by 30 to 100 ke. (It will be the same either side.) High- 
frequency parasitics are usually indicated by poor transmitter efficiency and 
a tendency for the amplifier to operate erratically. 

It was just mentioned that one couldn’t turn a transmitter on and off 
(key it) without generating new frequencies either side of the normal output 
frequency. This is still true when we try to make the slightest change in the 
output, as to modulate it with voice for A3 transmission. It will be found that 
new frequencies appear on either side, removed by an amount equal to the 
modulating frequency. For example, if we modulated that 3860-ke. transmitter 
with a 1000-cycle tone, we would find the new energy at 3859 and 3861 ke. 
However, if we were to distort the 1000-cycle tone by some means, and conse- 
quently have present the harmonics at 2000, 3000 and 4000 cycles, modulating 
with this distorted 1000 cycles would give energy at 3856, 3857, 3858, 3862, 
3863 and 3864 kc., in addition to the normal energy at 3859, 3860 and 3861 ke. 
These extra or spurious signals are called splatter; they are caused by distor- 
tion in the speech amplifiers or by distortion caused by overmodulation (more 
than 100 per cent). The cure for the latter is to turn down the audio volume 
control or to speak more softly. 


A Two-Tube Receiver 
for the Beginner 


Now that we’ve reviewed some of the fundamentals, let’s think about 
building some equipment. There is no better way for you to take an active part 
in the game, before you have the qualifications to pass your license examina- 
tion, than to try your hand at building a simple receiver. The cost will be 
nominal, and most of the components can be used in other equipment. In the 
process of assembling the receiver, you will learn the fundamentals of the arts 
of reading circuit diagrams, working metal, and handling the soldering iron. 

The receiver shown in the photographs is called a regenerative receiver. It 
is a type of receiver that was used by almost all amateurs many years ago. 
The communications receivers you see today on dealers’ shelves are all of the 


Fig. 1 — The two-tube beginner’s receiver is built into a standard 5 X 6 X 9-inch 
aluminum box. Panel controls, from left to right, are for regeneration, bandspread 
tuning, and band-set adjustment. From front to back along the side are phone-tip 
jacks, loudspeaker switch, speaker jack and power cable. The 3-inch speaker is 
mounted in a 6 X 6 X 6-mch box. 


superheterodyne type. You will not find the regenerative receiver there ex- 
cept occasionally in kit form, and then not usually designed for amateur work. 
Nevertheless the regenerative receiver represents a very worthwhile project 
for the beginning amateur because good sensitivity is obtained with simple 
circuit and construction. The performance of the receiver described here, on 
80 and 40 meters, will compare very favorably with that of the less expensive 
superheterodynes on the market. You will not have to strain your ears to hear 
plenty of signals — both in the amateur bands and on frequencies in between 
the bands. At the right time of day or night, you should find many amateur 
signals as well as commercial code and shortwave broadcast signals strong 
enough to work a small loudspeaker with good volume. 
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Receiver Construction 


Cutting the Holes 


The receiver is assembled on a 5 X 7 X 2-inch aluminum chassis. The en- 
closure is a standard 5 X 6 X 9-inch aluminum box. One of the removable 
covers of the box is used as the panel. The material is quite soft so that holes 
made with a 14-inch hand drill can be filed out to the proper size without 
much difficulty. First locate the center of the hole and mark it with a center 
punch. Using the punch mark as a center, scribe a circle of the required size 
with a pencil compass or dividers. Then drill a 14-inch hole at the center, and 
file out to the scribed line. In drilling holes larger than % inch, it is always 
easier and more accurate to start out with a drill 44 inch or smaller and then 
enlarge the hole gradually with larger drills. A large drill has a tendency to 
creep away from the center-punch mark. Burrs left around the hole after 
drilling can be removed with a sharp knife. 

The panel should be marked first. If exact duplicate variable capacitors 
and dial are used, Fig. 3 may be used as a template, fastening it over the 
panel with Scotch tape. Handle the template carefully so that the chassis 
template on the reverse side will not be damaged. 
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Fig. 2 — Circuit of the two-tube receiver. All capacitances less than 0.001 sf. 
are in yyf. All fixed resistors are 14 watt unless otherwise specified. 


C, — Bandspread tuning capacitor (Johnson 140R12). 
C, — Band-set capacitor (Philmore 1945T). 

C; — Grid coupling capacitor (postage-stamp mica). 
Ci, C;, Cs, Ci; — R.f. by-pass capacitor (disk ceramic). 
C; — Minimizes noise from moving contact on R; (Aerovox P92ZN). 
C; — Audio coupling capacitor (Aerovox P92ZN). 

C; — Audio by-pass capacitor (electrolytic). 

C,) — Headphone coupling capacitor (Aerovox P92ZN). 
J: — Antenna connector (phono jack). 

J2, J; — Headphone connector (Johnson 105-603-1). 

J; — Speaker connector (phono jack). 

LL, — Antenna coupling coil (see text). 

L, — Detector tuned-circuit coil (see text). 

L; — Audio coupling choke (Thordarson 20C51). 

R, — Detector grid leak. 

R, — Regeneration control (Mallory M50MPK). 

R; — Screen voltage-dropping resistor. 

R;, — Amplifier grid resistor. 

R; — Amplifier cathode biasing resistor. 

RFC, — R.f. filter choke (National R-50). 

S: — Speaker switch (toggle, 44-inch stem). 

T, — Output transformer (Thordarson 24851). 
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Fig. 4— Chassis template. See text before drilling chassis, 
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List of Components Additional to Those Listed Under Fig. 2 


miniature 7-pin sockets (Eby 9064) 
ceramic 5-pin tube socket (Millen 33005) 
5-pin male power plug (Amphenol 86-PM5) 
31-inch vernier dial (National type K) 
15-inch vernier knob (Johnson 116-260) 
small dial for C2 (Johnson 116—222-1) 

small dial for R. (Johnson 116—222-2) 

5 X 6 X 9-inch aluminum box (Premier AC 596) 
5 & 7 X 2-inch aluminum chassis 

About 25 ft. of insulated hook-up wire 

6 No. 4-36 machine screws and nuts, 4 inch long 
14 No. 6-32 machine screws, 14 inch long 

10 6-32 nuts 

9 soldering lugs (see text) 

2 6AQ5 tubes 

4 rubber feet 

1 rubber grommet for 3%-inch hole 

14 No. 6 sheet-metal screws, ? inch long 
Washers (see text) 

Few inches of bare wire for ground connections 
3 tie points (see text) 


feeb ee eet tt OND 


Coils As Desired (All Barker & Williamson) 


1 MEL-20 (for 80 meters) 

1 MEL-10 (for 40 meters) 

1 MEL-10 or MEL-20 and 1 3006 (for 20 meters) 

1 MEL-10 or MEL-20 and 1 3002 (for 15/10 meters) 


After center-punching the hole centers through the template, remove the 
template, scribe the large holes if they are to be filed out, and drill the hole 
centers with a drill not larger than 14 inch (See note on template, Fig. 3, re- 
earding Hole D.) Place the panel against the front wall of the chassis, with 
the bottom edge of the panel extending !/¢ inch below the bottom edge of 
the chassis, and the chassis centered exactly lengthwise on the panel. While 
holding the two securely in this position, mark the chassis through Hole A, 
Fig. 3. Center-punch and drill the chassis. Enlarge the hole in the panel and the 
one in the chassis with a No. 24 drill. 

Fasten the panel to the chassis with a No. 6 screw and nut. Square the 
panel up with the chassis, and mark the chassis through Holes 6 anid C uw Oso), 
Remove the panel and center-punch the chassis holes. Drill the hole in the 
chassis corresponding to C, and enlarge this hole and Hole C in the panel 
with the No. 24 drill. Replace the panel, fastening it to the chassis with two 
No. 6 screws. Drill the chassis through Hole B. With the panel still fastened 
to the chassis, enlarge Hole B to proper size by reaming out with succeedingly 
larger drills or by filing. Remove the panel, and enlarge all of the remaining 
holes, except Hole D, to proper size. 

Now the chassis can be marked and drilled. While the three socket holes 
can be made more easily if you can buy or borrow standard socket-hole punches, 
drilled holes can be enlarged by filing after scribing as mentioned earlier. 
Although the chassis template of Fig. 4 shows the locations of all holes in the 
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Fig. 5 — Sketches showing drilling dimensions in the edges of the chassis and the box. 
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top of the chassis, it is safer to use each component itself as a template when 
possible. The large center holes for the sockets should be made first. Then the 
sockets can be inserted in the holes and one of the mounting holes marked 
and drilled. With the socket again in the hole, and fastened with the first, 
mounting screw, the second mounting hole can be spotted accurately through 
the second mounting hole in the socket. The mounting holes for the coil 
socket can be similarly spotted on the top of the chassis by inserting the socket 
upside down in the center hole. The coil socket and the socket of V; should be 
mounted with Pin 1 toward the rear of the chassis. Pin 1 of V2 should be 
toward the front. See Fig. 9. 


Fig. 6 — Rear view of the Novice Special with the 80-meter coil in place. 
The detector tube V; is to the left and the audio tube V, to the right. 


When drilling the mounting holes for Z3 and 7, drill one hole first, fasten 
the unit on the owtszde of the chassis, and mark the second hole. 

The sockets for the tubes, and the phono jacks, require No. 4 screws and 
nuts; all other machine screws are 6-82 (six-thirty-two; No. 6 screw, 32 threads 
per inch). 

After the holes have been drilled in the top of the chassis, the holes in the 
sides of the chassis and the enclosure box should be made according to the 
sketches of Fig. 5. Also drill a No. 33 hole in each of the four corners of the bot- 
tom of the box, about °% inch in from each edge, and a No. 24 hole 114 inches 
from the rear edge, and centered lengthwise on the bottom of the box. In the 
center of the rear side of the chassis drill a No. 24 hole, 34 inch up from the bot- 
tom. When the drilling is complete, the aluminum can be given a satin finish 
by immersing it in a solution of grocery-store lye and water, as described in 
the construction-practices chapter of the ARRL Handbook. Panel controls 
and box terminals can be suitably labeled with decals if desired. 
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Mounting Components 


The variable capacitors and sockets should be mounted first. Some of 
the mounting screws of these components are used to fasten insulated tie 
points and grounding lugs. The type of tie point sketched in Fig. 7 is the most 
convenient. The insulating strip can be cut along one of the dotted lines with 


TIE POINT SOLDERING 
LUG Fig. 7 — Sketches showing the types of 
tie points and soldering lugs used in con- 
structing the receiver. Cut the tie points 
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“CMOUNTING B for a left-hand tie point. 
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diagonal cutting pliers to form either right-hand (cut at line A) or left-hand 
(cut at line B) as most desirable. 

In mounting the variable capacitors and sockets, view the bottom of the 
chassis as in Fig. 8. Make sure that the mounting screws for the capacitors 
are not so long that they protrude through to make contact with the stator 
plates. These screws should be not longer than 14 inch. Place a tie point 
(left-hand) and a soldering lug under the left-hand mounting screw of C2. 
Place a tie point (l.h.) under the front mounting screw of C1, and a soldering 
lug under the rear mounting screw. Place soldering lugs under each mounting 
screw of V,. Place a soldering lug under the front mounting screw of V>. Place 
a tie point (r.h.) under the left-hand mounting screw of the coil socket. Place 
a tie point (l.h.) and a soldering lug under the right-hand mounting screw of 
the coil socket. Fasten a tie point (r.h.) with a screw and nut at Hole A, 
Fig. 5, and another (r.h.) in Hole A, Fig. 4. 


Wiring 

All references to ‘‘ground” indicate connections to the chassis. All other 
wires must be insulated from the chassis and from each other unless a connec- 
tion is specifically mentioned. Wire known as ‘insulated hook-up wire”’ 
should be used except for short connections to grounding lugs where small 
bare wire may be used. View the chassis as in Fig. 8. 

Run a wire from Pin 3 on V; to Pin 3 on Vs» (see Fig. 9). Lay it flat against 
the chassis. Connect a 0.001-yf. (Ci) capacitor from Pin 3 on V, to the nearest 
ground soldering lug. Connect Pin 4 on V, to this lug. Solder the connections 
on V,; and the lug. 

Solder a wire two or three feet long (long enough to reach the power supply) 
to Pin 3 of Ve, and run it out through the rear hole in the left-hand side of 
the chassis. Connect Pin 4 on V» to the nearest ground lug. Connect a long 
power-supply wire to the lug. Solder at the lug and on V2. Run the long wire 
out through the rear hole in the left-hand side of the chassis. 

Run a wire from Pin 2 on V; to Pin 4 on the coil socket (see Fig. 9). Solder 
both ends. Connect the 100-uuf. mica capacitor (C3) from Pin 1 of V,; to the 
nearest tie point on the coil socket. (Be sure to connect to the insulated termi- 
nals of the tie points, and not to the grounded mounting terminals unless so 
directed.) Connect the 6.8-megohm resistor R, (blue-gray-green) also from Pin 
1 of Vi to the tie point. Connect the same tie point to Pin 2 on the coil socket. 
Solder at V; and at the tie point. 
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Run a wire from Pin 2 on the coil socket through the hole in the chassis 
near C, to the terminal on the side of the capacitor. Solder at both ends. Run 
a wire from Pin 8 on the coil socket up through the hole at the rear of C1, to 
the stator terminal immediately above. Solder at both ends. Solder a 61%-inch 
length of wire to Pin 1 of the coil socket. Run it directly out through the hole in 
the rear of the chassis. This is the antenna lead to be connected later to the 
antenna input jack, J;. Connect Pin 5 of the coil to the nearest ground lug. 
Solder at both ends. 

Run a wire from Pin 5 on V; to the insulated tie point under the mounting 
screw of Cy». Solder at V;. Connect a 0.001-yf. (remember ‘‘uf’’? on page 25?) 
capacitor (C;) from the insulated terminal of the same tie point to the grounded 
terminal of the tie point. Connect the r.f. choke (RFC) from the insulated 
terminal of this same tie point to the tie point under the front mounting 
screw of C;. Solder connections at the first tie point. 

Connect a 0.001-uf. capacitor (C;) between Pin 6 of V; and the nearest 
ground lug. Solder at the lug. Connect a 7-inch length of wire to Pin 6 on V. 
Run it along the right-hand side of the chassis and thence along the front 
edge and up through the hole near the front edge. Connect the 1-yf. 200-volt 
capacitor (C7) from Pin 6 on V, to the ground lug under the mounting screw 
of Cy. Solder connections at both ends. 

On V> connect the 500K (we defined ‘‘K”’ on page 22) resistor Ry (green- 
black-yellow) from Pin 1 to the nearest ground lug. Solder at the lug. Connect 
the 150K resistor R; (brown-green-yellow) from Pin 6 to the nearest tie point. 
Connect a long power-supply wire to Pin 6. Run it out through the rear hole 
in the left-hand side of the chassis. 

Placing it as close to the V2 socket as possible, connect the 1-yf. 400-volt 
capacitor (Cio) between Pin 5 of V2 and the unused tie point on the coil socket. 


Fig. 8 — Bottom view of the beginner’s receiver. Most of the tie points mentioned 
in the text can be seen in this view. L; is to the right and T; to the left. 
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Connect a 12-inch length of wire to this tie point. Solder, and run the wire 
along the rear of the chassis and up the left-hand side of the chassis and out 
through the front hole in the left-hand side of the chassis. 

Now mount the audio choke, Z;. Run its left-hand terminal wire along 
the rear of the chassis, then up the left-hand side to Pin 6 of V». Run the other 
terminal wire up along the left-hand side of the coil socket to the tie point at 
the left-hand end of the rf. choke. Connect a 0.001-uf. capacitor (C.) from 
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this insulated tie point to the grounded terminal of the tie point. Solder at 
the grounded terminal. 

Now mount the output transformer, 71, with the primary terminal wires 
(red and blue) downward toward the chassis, and its secondary leads (bare) 
facing you. Place a soldering lug under the right-hand mounting-screw nut. 
Run the blue terminal wire along the left-hand end of the chassis to Pin 5 on 
V» and solder. Run the red wire to Pin 6 and solder. Connect the right-hand 
bare secondary wire to the ground lug at the mounting screw, and solder. 
Connect the other bare wire to the tie point on the left-hand end of the chassis. 
Solder an 8-inch length of wire also to this tie point. Run the wire along the 
left-hand wall of the chassis to the hole near the front. Solder a 7-inch length 
of wire to the ground lug near this hole, and carry the wire out through the hole. 

Solder a 11-inch length of wire to the second ground lug at the point just 
mentioned above. Run it up through the adjacent hole to the right in the top 
of the chassis. Solder a 3-inch length of wire to the tie point near these two 
grounding lugs (the tie point that is already connected to the 150K resistor). 
Run the wire up through the hole to the right in the top of the chassis. 

Connect the 10-uf. 25-volt electrolytic capacitor (Cs) with its positive 
terminal to Pin 2 of V2 and its other terminal to the ground lug in front of 
the coil socket. Also connect the 330-ohm resistor R; (orange-orange-brown) 
between these points and solder at both ends. Connect the 0.02-uf. capacitor 
(C's) between Pin 1 of V2 and the tie point at the left-hand end of the rf. 
choke. Solder at both ends. 


Mounting the Panel 


The size may vary fractionally from chassis to chassis. Therefore, a check 
should be made before fastening the panel in place to make sure that the panel 
hole fits the shaft of C. If necessary, file the hole out a bit to fit, but no larger 
than neccessary. 

The panel must be spaced 14 inch from the chassis to allow the lower lip 
of the enclosing box to slide up in between the two. Washers 46 inch thick 
should be placed between the panel and chassis over the two mounting screws 
and the dial-drive bearing. A large hardware-store iron washer will do for 
the latter. A strip of 14-inch aluminum, 13¢ inches wide, running the length 
of the chassis, top edge flush with the top of the chassis, and having holes 
corresponding to those in the panel may also be used as a spacer. 

Before mounting the panel permanently, connect the three wires protrud- 
ing from the hole in the top of the chassis to the regeneration-control potentio- 
meter, Hy. As you look at the potentiometer from the rear, with the terminals 
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to the left (see Fig. 6), the bottom terminal should be connected to the wire 
eoing to the ground lug underneath the chassis. The center terminal should 
connect to the wire going to Pin 6 of Vi, and the top terminal to the tie point 
underneath. 

If the shaft bearing of C, comes furnished with two mounting nuts, one 
should be threaded on before the panel is mounted. After the panel has been 
mounted, the nut should be brought up against the back of the panel. Then 


Fig. 10 — Sketch showing how to con- 
nect the power-supply wires to the power 


plug. 


TOP VIEW 


the second nut should be threaded on so that the panel is clamped firmly 
between the two nuts. If the capacitor is furnished with only one nut, washers 
should be placed on the shaft bearing to fill the space between the panel and 
the frame of the capacitor. The panel should similarly be clamped between 
two nuts on the bearing of the potentiometer. Adjust the rear nut to space 
the potentiometer far enough behind the panel to bring the control knob 
close to the panel. 

Turn the plates of C, to either maximum or minimum capacitance and, 
through Hole D drill a hole in the frame of Cz with a No. 33 drill. Enlarge Hole 
D (in the panel but not in the capacitor frame) with a No. 24 drill. Place small 
washers to fit snugly between the panel and the capacitor frame, and thread 
a 3%-inch No. 6 sheet-metal screw into the frame of the capacitor. This will 
brace the capacitor against the panel for additional stability. 

The vernier drive for the tuning dial should be pressed onto the rim of 
the dial before mounting. Then, as the shaft of the vernier drive is inserted 
in its bearing, the dial should be simultaneously slid onto the shatt of C;. 
The dial should be set so that it reads 100 when C; is at minimum capacitance. 
The dial on C> should be carefully set also to read 100 when the capacitor is 
at minimum. In Fig. 1, a Johnson type 116-260 knob has been substituted 
for the one originally supplied, not only because its larger diameter makes 
tuning easier, but also because it matches the two smaller dials. 


The Enclosure 


At the left-hand end of the box the two holes nearest the front are for 
the insulated phone-tip jacks (Jz and J3). (The Johnson jacks require no 
additional insulation in mounting. Other types may require a larger hole to 
take insulating washers.) The next one is for the toggle switch, S;. The fourth 
hole is for a phonograph connector (J 4) used here as a jack for a loudspeaker. 
The last hole is fitted with a rubber grommet and the three power wires are 
brought out through it. 

The three wires protruding from the hole near the front of the left-hand 
end of the chassis should be connected to terminals inside the box before 
the receiver is placed in the box. There should be enough slack in these leads 
to reach to the box terminals when the receiver is moved, left-end on, close 
to the box. The wire that is connected to the ground lug underneath the chassis 
should go to either of the phone-tip jacks. The wire connected to the tie point 
near the output transformer 7’, should go to the nearest terminal on the toggle 
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switch. The remaining wire should be connected to the remaining phone-tip 
jack. A short wire should connect the remaining terminal of the toggle switch 
to the center terminal of the phono jack. Run the three power-supply leads 
out through the hole in the side of the box, and connect them to a male power 
plug (Amphenol 86-PM5), as shown in Fig. 10. 


Fig. 11— A complete set of four plug-in coils for the two-tube regenerative re- 
ceiver. From left to right, they are for the 20-, 15/10-, 40-, and 80-meter bands. 


A second phono jack is mounted in the hole at the other end of the box 
to serve as an antenna terminal. The single wire protruding from the rear 
side of the chassis should be soldered to the center terminal of this jack after 
the receiver has been placed in the box. 

The receiver cannot be placed in the box, nor removed from it, unless the 
tubes and coil have been removed. Also, be sure to turn C, to maximum 
(plates completely meshed) so that the rotor plates will not be damaged by 
the lip of the box. Fish the power leads out through the hole in the side of 
the box and take up the slack inside the box as the receiver is put in. Keep 
the receiver high enough to clear the bottom lip of the box until the receiver 
is all the way in. Then push the panel downward as the lip goes up into the 
space between the chassis and the panel. The panel should be fastened in 
place with sheet-metal screws. 

Now turn the box upside down and fasten rubber feet in the four corner 
holes with sheet-metal screws. Then, through the remaining hole, drill a 
No. 33 hole into the rear lip of the chassis, holding the chassis firmly against 
the bottom of the box. Fasten the rear of the chassis down securely with a 
sheet-metal screw. 


Making the Coils 


The B&W type 20 MEL coil (14 turns No. 18, 13¢ inches diameter, 134 
inches long, 2-turn link 154 inches diameter), which is used for 80 meters, has 
five pins, one of which originally has no connection (Pin 3). Examination of 
the pin connections will show that the outer end of the coupling-link coil 
goes to Pin 5 (see Fig. 9). The inner end of the link goes to Pin 1. The ends of 
the main coil go to Pins 2 and 4. The end going to Pin 4 should be cut off flush 
with the ceramic base with a sharp knife or a hacksaw blade. The end of the coil 
should then be bent around and soldered to the end of the link wire going to 
se ihaey 
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Hold a soldering iron against the tip of Pin 4 and allow it to get reasonably 
hot. Then give the coil assembly a quick flip of the arm. This should eject 
the wire stub left in the pin, or at least bring it out far enough so that it can 
be pulled out with pliers on the next heating. Repeat the flipping process if 
necessary to clear the pin of solder so that a piece of bare wire can be fed up 
through the pin. Let the wire extend about an inch above the ceramic base, and 
solder it at the end of the pin. Cut the wire off close at the end of the pin, and 
file the solder to resemble the other pins. A second similar wire should be sol- 
dered to Pin 38. 

Carefully bring the wire from Pin 4 under the coil, bending it so that it 
does not make contact with either the link coil nor the leads going to Pin 5, 
and solder it to the main coil a little less than one turn from the outer end 
of the coil. This will be on the outer turn, about 14 inch to the right of the bot- 
tom plastic supporting strip as viewed from the link end. Cut off any excess 
length of tap wire after soldering to the coil. 

The connection to Pin 3 will depend on how much of the 80-meter band 
you want to cover. If you want to cover the entire band, simply solder the wire 
from Pin 3 to the end of the main coil connected to Pin 2. However, if you 
are interested for the time being in only the Novice band, this band can be 
spread out over most of the dial, thereby making tuning much easier for a 
beginner. This can be done by connecting the wire from Pin 3 to the main coil 
at a point a little over four turns from the Pin-5 end of the coil. The tap should 
be placed on the fourth turn, about halfway between the bottom and side 
plastic strips. Be sure to do the job carefully so that the solder does not short 
from one turn to another. The 40-meter band will also be spread out over 
most of the dial with this tap. 


Coils for Other Bands 


A B&W 10-MEL coil (8 turns No. 16, 13% inches diameter, 13 inches long, 
2-turn link 1° inches diameter) is used for 40 meters. It is altered exactly as 
described for the 80-meter coil. The lead from Pin 4 is connected to the outer 
turn in the same manner, except that it is placed at about 34 turn from the end 
— just below the right-hand plastic support strip. In other words, it is about 
14 inch farther up on the end turn than the 80-meter tap. The tap from Pin 3 
should be placed a little over four turns from the Pin-5 end of the main coil, 
again about halfway between the bottom and side plastic support strips. 

Attempts to use the MEL coils for 20 and 15 meters will not be very suc- 
cessful. The placement of the taps is too critical. The best way to make coils for 
these bands is to buy a couple of extra 10-MEL or 20-MEL coils and use the 
mounting base to support smaller coils of B&W Miniductor. If the original 
coil is stripped from the mounting carefully, the job can be done quite easily. 

Hold the coil upright with Pin 3 facing you. You will see that the wire 
coming out of Pin 4 doubles back to start the first turn of the main coil. Follow 
this turn up on the coil and cut it just before it reaches the top supporting strip. 

Now turn the coil so that Pins 1 and 5 face you. You will see that the wire 
from Pin 2 starts the first turn at the opposite end of the main coil. Clip this 
turn just under the side supporting strip. At the other end, you will see that the 
wire from Pin 5 starts the outer turn of the link coil. Turn the coil over so 
that Pin 3 faces you and cut this turn about halfway between the bottom and 
side supporting strips. Cut the wire from Pin 1 off close to the point where it 
enters the bottom supporting bar. 

Bend the stubs of the cut wires out where you will not be likely to cut them 
off accidentally, then cut off all other turns as close to the bottom supporting 
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strip as possible, removing both the main coil and the link coil. Be sure that you 
do not cut off the wire from Pin 4 at the base. Free this half turn after the 
others have been cut. 

For the 20-meter coil, make a coil of exactly 7 turns of No. 3006 Miniductor 
(%-inch diameter, 8 turns per inch). Place it on the plug-in base with the 
supporting strip at which the coil turns end against the supporting strip on 
the base. Cement it centrally on the base strip with Duco cement. After the 
cement has dried, bend the lead from Pin 2 toward the nearest end of the coil, 
and solder it to the end turn, close to the bottom supporting strip. Bend 
the wire from Pin 5 and solder it to the other end turn of the coil. Keep the 
wire from Pin 5 in as close to the bottom supporting strip as possible. The lead 
from Pin 4 should be bent into such a position that it can be soldered to a 
point two turns from the nearest end of the coil without shorting on the wire 
from Pin 5. The soldering point should be about halfway between the bottom 
and side supporting strips. A wire soldered to Pin 3 should be brought out 
and soldered to the same point on the coil. 

For L,, two turns of insulated hook-up wire should be wound over the coil, 
as close as possible to the Pin-5 end. These turns will pass between the bot- 
tom supporting strip and the ceramic base. Solder the outer end of this coil 
to the end of the main coil going to Pin 5. Solder the other end of the link coil 
to the wire going to Pin 1. 

The 15-meter coil is made in the same way. It consists of 7 turns of No. 
3002 Miniductor (19-inch diameter, 8 turns per inch). The tap from Pin 4 is 
soldered on the coil at 2 turns from the nearest end. A wire from Pin 3 should 
be soldered to the coil at one turn from the same end. Make sure that each 
lead is clear of all others. The link coil, Z,, is the same as for the 20-meter coil. 


Receiver Power Supply 


The receiver requires a power supply delivering approximately 250 volts 
at 50 ma. The diagram of Fig. 12 shows a suitable circuit. However, at only 
slight additional cost, a transmitter power supply can be built that will also 
take care of the receiver, offering a considerable saving in over-all cost and 
labor. Such a combination supply is described in detail on page 73. If the 
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Fig. 12 — Circuit of a simple power supply for the regenerative receiver. All cap- 
acitances are in pf. ; 


C;, C2, C3 — Filter capacitors. S, — A.c. power switch (s.p.s.t. toggle). 
C,, C; — R.f. by-pass capacitors to reduce S,— High-voltage switch, bakelite rotary 
tunable hum (disk ceramic). (to mute receiver while transmit- 
J: — Power outlet (5-prong tube socket ting — Centralah 1401). 
— Amphenol 77MIP5). T, — Power transformer) 480 volts, c.t., 
L,, L; — Filter choke, 16 h., 50 ma., 580 55 ma.3 5 volts, 2 amps.; 6.3 volts, 
ohms (Stancor C-1003). 2 amps. (Stancor PC-8402). 


R, — Bleeder resistor (to discharge filter capacitors — a safety measure). 
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simple supply diagrammed in Fig. 12 is built, its construction can follow the 
general lines of the combination unit. The three power wires from the receiver 
should be connected to a 5-pin plug (Amphenol 86-PM5) as shown in Fig. 10. 


Antenna 


A 75-foot length of wire makes a good antenna for the receiver. Shorter 
lengths may be used. In fact, the shorter the antenna the more stable the 
receiver will be, and good signals should be obtained with a 15-foot indoor 
wire. In any event, the antenna should be suspended as rigidly as possible to 
minimize swaying. A phono plug to fit the antenna jack should be soldered 
to the inside end of the antenna. The antenna lead should be kept as much 
as possible to the rear of the receiver, away from the operator. 


Tuning the Receiver 


Band-Set Capacitor 


The centering of the amateur bands on the dial of C; will depend upon a 
rather critical setting of C2. However, once the correct setting has been found 
and recorded, it can be returned to with reasonable aecuracy. Since it is 
anticipated that the receiver’s principal use will be on 80 or 40 meters, there 
will be little occasion for frequent hopping from band to band. Approximate 
settings for C2 will be given. Individual copies of the receiver may require 
slight readjustment, in one direction or the other, in order to center the band 
on the dial. These readjustments should be made in very small steps — perhaps 
not much more than the width of a pencil line on the dial at the higher fre- 
quencies. The amateur bands can be most easily recognized by the phone sig- 
nals, and the bands can be centered in reference to them. 


80-Meter Coil 


The 80-meter coil can be used with the bandspread tap at either of two 
points. In either case, the total frequency range (from maximum on both C, 
and C, to minimum on both) will be approximately 3.2 to 11.5 Me. When 
the tap is connected to the extreme end of the coil, the entire 80-meter band 
will be covered by C; when C, is set at approximately 14.5. (Remember that 
each calibration mark on the small Johnson dial is 2 points, so that 14.5 means 
14 plus one quarter of the way to the next dial mark.) When C, is set at 
approximately 57.5, the 40-meter band will occupy about 10 per cent of 
the dial. 

If the bandspread tap is set as described on page 55 for the Novice band 
only, C2 should be set at about 4.5. When C% is set at about 57.5 with the 
Novice bandspread tap, the 40-meter band will occupy about 50 per cent of 
the dial of C4. 


40-Meter Coil 


Better stability and greater bandspread will be obtained on 40 meters by 
using the coil designed for 40 meters, rather than the 80-meter coil as de- 
scribed above. The total frequency range with this coil is approximately 
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6 to 23 Me. With C2 set at about 22, the 40-meter band should occupy about 
80 per cent of the dial of Cy. If C2 is set to approximately 74, 20-meter signals 
may be heard, but the entire band will occupy only about 10 per cent of the 
dial. 


20-Meter Coil 


The total range with this coil is about 10 to 39 Mc. When C; is set at about 
47.5, the 20-meter band should occupy approximately 70 per cent of the dial 
of Cy. By setting C2 to about 72.5, signals in the 15-meter band can be heard, 
but the band will spread out over only about 20 per cent of the dial of Cj. 


15-Meter Coil 


The total frequency range covered with the 15-meter coil plugged in is 
about 11 Me. to 40 Mc., but the regeneration control will be rather critical 
and not too reliable at the high-frequency end of the range. With C2 set at 
56.5, the 15-meter band will occupy about 80 per cent of the dial of C,. With 
Cy set at approximately 74.5, the 10-meter band will occupy about 70 per 
cent of the dial of Cy. With C2 set at 30, the c.w. portion of the 20-meter band 
will occupy practically the whole dial of C;. By resetting C; to a slightly higher 
reading, the phone portion of the band will be likewise spread out over most 
of the bandspread dial. 


The Regeneration Control 


With the power supply, antenna and headphones connected, plug in the 
80-meter coil. Turn the regeneration control, Re, all the way counterclockwise, 
and set Cy. as indicated previously, depending on whether or not the Novice 
bandspread tap is used. A minute or two after the power supply has been 
turned on, advance the regeneration control slowly until the detector goes 
into a soft hiss as it starts to oscillate. Reverse rotation of the regeneration 
control, and the hissing should stop. Go back and forth over this point several 
times so that you may familiarize yourself with the sound. See how close 
you can come, in advancing the control clockwise, to the point where the hiss- 
ing starts without actually making the hiss start. If you listen carefully, you 
will hear the background noise come up (in the absence of a signal). This is 
the most. sensitive adjustment for modulated (phone) signals. Now turn 
the control clockwise past the point where the hissing starts. Reverse the 
direction and slowly approach the point where the hissing stops. See how 
close you can get to this point without making the hissing stop. This is the 
point for greatest sensitivity on c.w. signals. Strong c.w. signals will block 
the detector when it is adjusted for this most sensitive condition. In this case, 
turn the control clockwise as far as necessary to prevent blocking. On some of 
the higher frequencies, advancing the control too far may result in a high- 
pitched squeal. If this should occur, the control should be retarded. On the 
higher frequencies, changing the setting of the regeneration control will have 
some effect on the frequency, so it may be necessary to readjust C, slightly 
to keep the signal in tune. 

An antenna that happens to be resonant at the listening frequency may 
load the detector so that it will not oscillate. These “‘dead”’ spots can usually 
be eliminated by inserting a 50-uyf. variable capacitor in series with the an- 
tenna and setting it at a point that permits oscillation. Dead spots should 
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not occur in any of the amateur bands with the 75-foot antenna, although 
some will probably be found in between the bands. 

You should find plenty of signals at the right time of day or night that are 
strong enough to work a small loudspeaker connected to the speaker jack. 
One of the speaker leads should be connected to the pin of the phono plug, 
and the other to the outside shell of the plug. The receiver has an output 
transformer so, of course, none should be at the speaker. 

The detector should go into oscillation at screen voltages from 15 to 50. 
At 250 volts, the total current drain should be about 45 ma. 

The frequency stability of this receiver on the amateur bands above 7 Me. 
will probably not be considered good enough for regular station use on c.w. 
It will, however, be found entirely adequate on phone signals where high 
stability is of less importance. 


How the Receiver Works 
The Tuned Circuit 


Referring to the diagram of Fig. 2, the signal from the antenna is coupled 
into a tuned circuit by means of the coupling coil L;. The tuned circuit is 
made up of the coil Lz and the two variable capacitors C; and Cy». This tuned 
circuit is connected to the input circuit of the detector tube. It is the part 
that selects the frequency on which you want to listen. The frequency that 
it selects will depend upon the size of the coil Ly (inductance) and the size 
of the capacitor (capacitance) connected across the coil. The larger the induc- 
tance, capacitance, or both, the lower the frequency will be that is selected. 
If we wish to tune the circuit over a range of frequencies, we must make pro- 
vision for varying the values in the tuned circuit. Although either the in- 
ductance or the capacitance could be varied with the same result, it is easier 
mechanically to provide a variable capacitance than to make the inductance 
variable. Therefore, a fixed value of inductance is used, and the frequency is 
changed with a variable capacitor. Inductance also is changed when a large 
change in frequency is necessary, such as in going from one amateur band to 
another. In this receiver the change is made by a series of plug-in coils. 

The tuned circuit will tune to the same frequency with any size of coil and 
capacitor provided that the product of capacitance and inductance (L X C) 
remains the same. The coil can be large and the capacitor small, or vice versa, 
or any other combination might be used where the inductance times the capaci- 
tance gives the same product. However, there may be reasons that make certain 
combinations of inductance and capacitance more desirable than others. 


Frequency Stability 


In the tuned circuit of this receiver, a comparatively large amount of ca- 
pacitance is used for the purpose of frequency stability Frequency stability 
is the ability of a circuit to remain tuned to the same frequency, once the 
operator has tuned the circuit to that frequency. There are several things 
that may change the frequency of the tuned circuit without the operator 
touching the tuning control. Movement of the antenna as it swings in the 
wind, or movement of the operator’s hands around the receiver have the most 
noticeable effects. Most of these changes not under control of the operator 
are in the nature of changes in capacitance in the circuit. Therefore, if a large 
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amount of capacitance is used in the tuned circuit, the uncontrollable changes 
are reduced to a small percentage of the total capacitance in the circuit and 
their effects are minimized. 

C, provides most of the capacitance. It is made variable so that the capaci- 
tance can be adjusted to the maximum practicable for each of the amateur 
bands. It can also be used to adjust the tuning range to frequencies outside 
the amateur bands for the reception of commercial code signals and short- 
wave broadcasts. C2, is adjusted by the small dial on the right-hand side of 
the panel. 


Bandspread 


All variable capacitors of conventional type go through their complete 
range of capacitance with one half revolution of the control shaft. If a capacitor 
with a large range of capacitance, such as C2, is used, it will cover so many 
frequencies that it will be very difficult for the operator to adjust the capac- 
itor to select any one frequency he may desire. C, is therefore used only to 
adjust the circuit to the approximate vicinity of the group of frequencies 
(an amateur band, shortwave broadcast band etc.) where the operator wants 
to listen. Then a smaller group of frequencies in this vicinity is covered more 
slowly by another variable capacitor, C,, with a smaller range of capacitance. 
This is called the bandspread capacitor, and is controlled by the large dial at 
the center of the panel. The tuning rate can be slowed down still more by 
connecting the bandspread capacitor across only a portion of the coil, as 
shown in Fig. 2. Adjustment to the desired signal is made still easier by the 
friction reduction control (vernier) on the dial, which permits several revo- 
lutions of the control knob while the capacitor rotor is making its half revo- 
lution. 


The Detector 


V, is the detector tube. The detailed action of the detector is highly com- 
plex because it performs several functions simultaneously. It amplifies the 
signal in the form that it arrives at the antenna (one or more radio frequen- 
cies). In this detector, regeneration or feedback is introduced by connecting 
the cathode (Pin 2) to a tap on the coil. This provides a means of feeding the 
amplified r.f. signal back to the grid so that it can be reamplified in the tube, 
thus increasing the total r.f. amplification through the tube many times. If the 
incoming signal is modulated (phone) it also extracts the audio information 
from the amplified r.f. signal. If the incoming signal is not modulated, the re- 
generative detector can be adjusted (made to oscillate) so as to make the 
incoming signal have the characteristics of a modulated signal, and then handle 
it as such and deliver an audio signal in the output. 

C; and R,; are necessary for proper operation of the detector. Re controls 
feedback by varying the screen voltage. Rs drops the supply voltage to a 
value suitable for proper control of feedback by Re. RFC,, Cs and Cs comprise 
an r.f. filter to keep r.f. from the grid of the following amplifier tube, V». 

£3 is an audio coupling choke. It has low d.c. resistance so that the plate 
voltage may be fed to the detector tube without loss. Cs is an audio coupling 
capacitor that insulates the grid of V2 from the detector plate voltage, yet it 
allows audio frequencies to reach the grid of the audio-amplifier tube. 
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The audio-amplifier tube is biased by the d.c. voltage drop across Rs. Audio 
frequencies are bypassed around R; by Cy. Rs provides a d.c. path for the bias- 
ing voltage to the grid. 

The primary of the output iehetoimer T; serves a purpose similar to L; 
in the output of the detector. The transformer also provides a means of coupling 
to the voice coil of the loudspeaker. Cio stops the flow of d.c. to the headphones, 
but permits audio frequencies to reach the headphones. S; turns the speaker 
on and off by closing or opening the circuit to the voice coil. 


Interpreting What You Hear 


Now that you have finished building your receiver (or have bought or bor- 
rowed one) and mastered its operation, you’re in for the indescribable thrill of 
receiving many kinds of signals you’ve never heard before. Within the range 
of this receiver you will hear voice signals from radiotelephone stations (usually 
called ‘‘phone”’ by hams — the regular telephone becomes ‘‘landline”’ in ham 
lingo!), signals in the International Morse Code (referred to as ‘“‘c.w.”’, an 
abbreviation of ‘continuous waves’’), time signals which go ‘‘beep-beep”’ or 
which have a steady tone with a clock-like ticking mixed in, and several types of 
automatic sending equipment which are unreadable without special apparatus. 

The phone stations won’t pose too many problems to the beginner al- 
though you may be confused at first by the technical subjects often discussed 
or by the use of phonetic words to identify letters of the alphabet. (For in- 
stance, to avoid confusion an amateur station might say, “‘Thisis W1AW, W 1 
Adam William”’.) A recommended “phonetic alphabet’ is shown on this page. 
Otherwise, good operators use a minimum of abbreviations — best practice 
on phone is to ‘“‘say it with words.”’ 


ARRL Word List for Radiotelephony 


ADAM JOHN SUSAN 
BAKER KING THOMAS 
CHARLIE LEWIS UNION 
DAVID MARY VICTOR 
EDWARD NANCY WILLIAM 


FRANK OTTO X-RAY 
GEORGE PETER YOUNG 
HENRY QUEEN ZEBRA 
IDA ROBERT 


Example: W1AW ...W1ADAM WILLIAM ... 
WIAW 


When you get down to the serious business of learning the code, required 
by international law for amateurs the world over, you'll want to try copying 
some code stations through your own receiver. 

Call signs are quite readily identifiable, since they are usually repeated 
several times, so it is probable that they will be the first symbols you can 
recognize from the jumble of dits and dahs emitting from your receiver. 
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ONTARIO 
ALBERT, 


SASKATCHEWAN 


SENEy aes 


MANITOBA 


Fig. 13 — Amateur call areas in the United States. 


By confining your more serious listening to the 3500-ke. amateur band, 
as we suggest you do, practically all of the stations you hear will be in the 
United States. All amateur call signs issued by the Federal Communications 
Commission begin with a W or K. In areas of heavy amateur growth where 
single-letter prefixes are exhausted, the initial letters WA are also used. The spe- 
cial prefixes KN, WN or WV indicate Novice call signs. The U.S. is divided into 
ten areas for licensing purposes and from the number in the éall you will be able 
to tell the general area of the country in which the station is located (see map 
above). Examples of amateur calls are WIAW, W3IEM, WA6BCD, WOFK. 
Certain two-letter prefixes are assigned outside the continental U.S.A., such as 
KH6 (Hawaii), KP4 (Puerto Rico), ete. : you will become familiar with these 
as you progress. Although unlikely on the 3500-kc. band, you may hear foreign 
stations signing prefixes such as G (England), F (France), XE (Mexico) and 
of course our Canadian neighbors, VE. When one station calls another it sends 
the call of the station being called several times, then the letters “de” (meaning 
“from” in French, and agreed upon internationally as the sign to separate 
the call of the calling station from the call of the station being called) and then 
its own call repeated a number of times. If you hear this on the air — W@TSN 
WSTSN DE W1AW WIAW — it means that W1AW is calling WOTSN. 
Many times what you hear will be like this: CQ CQ CQ DE W2AEN W2AEN 
W2AEN. “CQ” is a general call to any station which may want to talk with 
the station doing the calling, and in the case we have cited means that W2AEN 
is indicating that he is ready to talk with anybody and will answer any station 
he may hear. 

When you first start “copying” stations you may become confused in trying 
to interpret what is being sent. Don’t worry — what you are putting down on 
paper may be abbreviations used by radiotelegraph operators to save time while 
talking with each other. Over the years a large number of these have become 
standardized through common usage. For your information, we list on the 
next page some of the more common abbreviatious in use on the ham bands: 
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ABT About NIL Nothing 

AGN Again NR Number, near 

AMP Ampere NW Now 

ANI Any OB Old Boy 

BCNU I'll be seeing you OM Old Man (all male amateurs 
BK Break are ‘“OMs”’ regardless of age!) 
BTR Better OF Operator 

CRD Card PSE Please 

CUD Could 5 RCVR Receiver 

CUL- See you later SED, SEZ Said, says 

DX Distance SKED Schedule 

ES ee SIGS Signals 

FB Fine business, excellent SRI Sorry 

FM From TKS, TNX Thanks 

FR For TMW ‘Tomorrow 

GA Go ahead, good afternoon eae That 

GE Good evening ae Thank you 

GG Going U, UR You, your, you’re 

GM Good morning VY Very 

GN Good night WL Well, will 

GUD Good wx Weather 

HAM Amateur XMTR Transmitter 

HI Laughter DOA F (Ex-Young lady) Wife or mar- 
HR Hear, here ried woman operator 

HRD Heard YL (Young lady) An unmarried 
HV Have woman or girl operator 

HW How 73 Best regards 


Another group of abbreviations used by radio amateurs are the inter- 
nationally-recognized ‘‘Q” signals. The “‘Q” signals constitute a handy way 
for amateurs — or any class of radio station — to exchange certain kinds of 
information without having to spell out long sentences. In addition, whatever 
the language be ‘‘Q” signals have the same meaning; therefore they are a 
helpful way of exchanging information between two operators of different 
nationalities who do not speak each other’s language. A French amateur sends 
“QTH?” and the American amateur he is in contact with knows he is asking 
for his address and replies ‘‘QTH 17 Pine Street, Podunk Hollow, Nebraska,”’ 
or whatever it may be. A list of common Q signals can be obtained from the 
ARRL Communications Department free of charge. 


An Abbreviated List of Q SIGNALS QRS Shall I send more slowly? Send more 
slowly (....Ww.p.m.). 
(Q abbreviations take the form of questions QRT Shall I stop sending? Stop sending. 
only when each is sent followed by a question QRU ~~ Have you anything for me? I have 


mark.) nothing for you. 
QRZ Who is calling me? You are being 
QRM Are you being interfered with? I am called: by sve, % (ODM os ke.). 
interfered with. QSL Can you acknowledge receipt? I am 


acknowledging receipt. 
Shall I change to transmission on an- 
other frequency? Change to trans- 
QRQ_ Shall I send faster? Send faster mission on another frequency (or 
Ose see words per min.) Oni ear 


QRN Are you troubled by static? I am be- QSY 
ing troubled by static. ; 


One of the first adjuncts to your “shack” should be a call book, so that 
you can locate the stations whose calls you hear over the air. The ARRL does 
not publish an amateur callbook but an excellent one is available known as 
The Radio Amateur Call Book Magazine. One edition gives the calls of all United 
States stations and may be secured for $5.00 postpaid from the publishers 
(The Radio Amateur Call Book Magazine, 4844 Fullerton Ave., Chicago 39, 
Ill). A foreign edition, $3, lists calls of amateurs outside the U. 8. 


A Simple One-Tube 


Transmitter 


Now that you have a receiver, it’s time to think about a transmitter. The 
photographs and sketches of Figs. 14 through 31 show various details of a 
one-tube 25-watt crystal-controlled transmitter for the 80-meter band. With 
a reasonably good antenna it should be possible to work (communicate with) 
other amateurs within a radius of several hundred miles under favorable con- 
ditions. It represents one of the simplest satisfactory forms of transmitter that 
can be built. But remember, you must have an amateur license before you 
use it. 


Transmitter Construction 


The transmitter is built on a 544 & 94% X 1\%-inch aluminum chassis. A 
standard 7 X 12 X 6-inch aluminum box is used as the shielding enclosure. 
One of the removable covers is used as the panel. Figs. 16 and 18 show the 
locations of the various holes in the panel and chassis. Reference should be 
made to the earlier section on cutting holes, page 44. 

The holes in the panel and chassis will be most accurately matched if 
Holes A and B (Fig. 16) are first made with a No. 24 drill. Then scribe a line 
across the back of the panel 41546 inches down from the top edge. Center the 
chassis on the panel with its top surface flush with the scribed line. Through 
Hole A in the panel, mark a corresponding hole in the chassis. When this hole 


Fig. 14— A 25-watt 80-meter transmitter. A standard 6 X 7 X 12-inch 
aluminum box is used as the enclosure. The plate tank tuning control is 
to the right and the antenna tuning control to the left. The pilot lamp to 
the left is an r.f. output indicator. 
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Fig. 15 — Circuit of the 25-watt 80-meter beginner’s transmitter. All capacitances 
less than 0.001 uf. are in uyf. All by-pass capacitors are disk ceramic. 


C, — Plate tank capacitor (Allied Radio Cat. No. 61H009). 
C, — Antenna tuning capacitor (same as (). 

C; — Cathode r.f. by-pass capacitor. 

C, — Screen r.f. by-pass capacitor. 

C; — D.c. blocking capacitor (disk ceramic). 

C,; — Plate r.f. by-pass capacitor. 

C;, Cs, Cy — V.h.f. by-pass capacitor. 

I, — Pilot lamp (6-volt 150-ma. dial lamp). 

I, — Antenna output indicator (2-volt 60-ma. dial lamp). 
J: — Closed-circuit key jack (Switcheraft 12A). 

J. — Power connector (4-prong male connector — Amphenol 86-RCP-4). 
L, — V.h.f. parasitic suppressor — 5 turns No. 16 wire, 14 inch diam., 14 inch long. 
L, — Plate tank coil (See text). 

L; — Antenna coupling coil (see text). 

L, — Output-indicator coupling coil (see text). 

MA, — Cathode milliammeter (Shurite Model 950). 

P, — Female power plug (Amphenol 78-PF4). 

P, — Male power plug (Amphenol 86-PM4). 

R, — Grid leak. 

R, — Cathode biasing resistor. 

R; and R, — Screen voltage divider. 

Y; — Quartz crystal (controls frequency — see text). 


Additional Parts for the Transmitter Not Shown Under Fig. 15 


6 X 7 X 12-inch aluminum box (Premier AC1276) 
34% X 9% X 1%-inch aluminum chassis (Premier ACH-400) 
6DQ6A tube 2 

ceramic octal tube socket (Millen 33008) 

ceramic terminal strip, 3 terminals (Millen 37303) 
crystal socket (Millen 33102) 

small dials (National R) 

pilot-light assemblies (Johnson 147-306) 

5g-inch cone insulators (Johnson 135-500) 
panel-bearing unit (Johnson 115-256) 

flexible shaft coupling (National TX-8) 
feed-through points (National TPB) 

insulated tie points 


Ce Oe 


(Continued on next page) 
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14-inch insulated tube plate cap (TV replacement type) 
rubber grommets to fit 34-inch hole 

rubber grommet to fit 44-inch hole 

strip coil (Barker & Williamson 3015 Miniductor) 
5-inch length of 1-inch wood dowel 

14-inch 6-32 machine screws 

14-inch 6-32 machine screws 

14-inch 4-40 machine screws and nuts 

6-32 nuts 

ft. \4-inch insulating sleeving (spaghetti) 
Approx. 2 ft. No. 16 bare wire 

Approx. | ft. insulated hook-up wire 

Approx. 3 ft. ps hook-up wire (Belden 8885) 

6 % inches 6 X % OEE aluminum strip 


— 
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has been drilled in the chassis, fasten the panel to the chassis with a machine 
screw at A. Square the chassis up along the scribed line and mark the chassis 
through Hole B. Drill the hole corresponding to Hole B in the chassis and again 
fasten the panel to the chassis with machine screws at both Holes A and B. 

Now mark the centers of the four holes near the bottom center of the panel 
and drill through both the panel and the chassis at the same time. The space 
between the two 5% ¢-inch holes should be filed out to form a slot. The panel can 
then be removed and the remaining holes made in both the chassis and the 
panel, enlarging holes A and B to proper size at the same time. 


Mounting the Components 


In mounting the components, only the mounting of C, requires special 
attention. This capacitor is supported by two °¢-1nch cone insulators (Johnson 
135-500). Turn the capacitor upside down with the shaft facing you. You will 
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Fig. 16— Sketch showing the panel drilling plan. All holes should be started 


with a small drill and then enlarged to proper size. Holes A and B should be drilled 
first as discussed in the text. 
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Fig. 17 — This view shows the assembly of small components to the left of the 


tube. Spacers are used between the panel and the frame of the tank capacitor C,; to 
the left. 


see four small holes in the bottom of the frame. The front hole on the right- 
hand side and the rear hole on the left-hand side are used for mounting. These 
two holes should be enlarged with a No. 33 drill and threaded with a 6-32 tap. 
The drilling and tapping must be done very carefully so as not to damage the 
stator plates of the capacitor. 

Now insert 14-inch (or longer) 6-32 machine screws in the tops of the 
insulators. Make them as tight as possible with a screwdriver. Cut the heads 
of the screws off with a hacksaw, leaving studs about 14-inch long protruding 
from the cones and file the ends smooth. Thread the studs into the frame of 
the capacitor. 

A panel-bearing unit (Johnson 115-256) is used to drive C2. The rear sec- 
tion of the shaft should be cut off to a length of #¢ inch. Mount the bearing on 
the panel, and the capacitor on the chassis. If the two shafts do not line up 
accurately, use washers on top of the cone insulators to raise the capacitor. 
Carefully file out the mounting holes or the bearing hole in the panel as neces- 
sary to make the shafts line up. The bearing shaft and the shaft of the capacitor 
are joined with a flexible shaft coupler (National TX-8). 

C, is mounted on the panel by means of 14-inch 6-32 screws and 14-inch 
spacers, using the three threaded holes in the front of the capacitor frame. 

In mounting some of the other components, the mounting screws are 
used also for fastening grounding lugs or insulated tie points. Place a grounding 
lug (see Fig. 7) on top of the chassis, under the base of RFC), and a left-hand 
(see Fig. 7) tie point (7’P2) under the chassis, fastening it with the mounting 
screw of RFC. Place a grounding lug under the mounting screw of the cone 
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Fig. 18 — Drawings showing the location of holes in the top, and in the 
front and rear edges of the chassis. All holes should be started with a small] 
drill and then enlarged to proper size. 


insulator SO. Place a grounding lug on top of the chassis at the hole to the 
right of SO: (see Fig. 20), and another at the same hole underneath the chassis. 
Fasten with a 14-inch 6-32 screw and nut. 

Place two grounding lugs under the lower (see Fig. 22) tube-socket 
mounting screw, and a grounding lug and a right-hand tie point (TP) at the 
upper mounting screw. A grounding lug should also be placed under the nut of 
the right-hand (see Fig. 20) mounting-bracket screw of the coil assembly. 
A grounding lug should be placed at each of the mounting screws of J. and the 
crystal socket. 

On top of the chassis, a lug should be fastened at the lower threaded hole 
in the rear of the frame of C,. Two lugs should be fastened to the top of the cone 
insulator SO2, and one at SO;. Rubber grommets (G, and G3) should be placed 
in the two 3¢-inch holes in the top of the chassis, and one (G2) in the 14-inch 
hole near RFC,. 
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The Coils 


Le, L3 and Ly are made of sections of Barker & Williamson 3015 Mini- 
ductor, 1 inch in diameter, 16 turns per inch. L, and L; have 20 turns each. L, 
has two turns. L, and Ls; should first be cut with a few more turns than is re- 
quired. The end turns can then be unwound to form leads long enough to reach 
the terminals below. The ends of Ls should be made about 14 inch long. 

The coils are mounted on a 1l-inch wood dowel obtainable at hardware 
stores. (The actual diameter is something less than an inch.) The dowel is 
supported at each end with a bracket cut from 14-inch sheet or strip aluminum. 
Those shown in the photographs are 234 inches high, the same width as the 
dowel diameter, and have a 3¢-inch lip bent out at the bottom end. Holes are 
made with a No. 24 drill in the lips and near the top ends of the brackets. The 
brackets are mounted with 14-inch 6-32 machine screws and nuts. The dowel 
should be cut to fit between the two brackets, and fastened with No. 6 wood 
screws. 

In mounting the coils on the dowel, two 4-inch lengths of 14-inch insulat- 
ing tubing (spaghetti) are slid in between the coils and the dowel, and cemented 
to the dowel with Duco cement. This provides enough friction to hold the coils 
securely in place, yet it allows the spacing between them to be adjusted for 
proper coupling. 


Wiring 
Most of the r.f.-circuit wiring is done with bare No. 16 wire. The power 
wiring is done with the shielded wire (Belden No. 8885). The shielded wire is 
one of the means used to suppress interference to television receivers from the 
transmitter (TVI). 

The shielded wiring should be done first. In each case, the wire should be 
cut to fit between the two points mentioned. The braid should then be pushed 
back on the wire for a distance of about 34 inch. The shielding can be anchored 
in this position by flowing a little solder into the braid. The shielding at the 
other end of the wire should be pulled out smooth, and then the braid should 
be frayed out (see Fig. 23A) to expose about 34 inch of the insulation. The 
frayed braid should then be twisted into a lead. This lead is used to ground the 
braid to the chassis. As a last operation, the insulation should be stripped off 
the last half inch at each end, leaving about 14 inch of insulation protruding 
from the braid. 

Where a by-pass capacitor is used at the end of the lead, it should be 
attached as indicated in Fig. 23B. One of the terminal wires of the capacitor 
should be wound around the braid as close to the end as possible, leaving a min- 
imum of lead between the capacitor and the braid. The other terminal lead 
of the capacitor should be made as short as possible and soldered to the inner 
conductor, close to the insulation. 

Run a shielded wire from the insulated terminal of TP, to Pin 2 of J2 
(see Fig. 19). Connect a 0.001-uf. by-pass capacitor (C7) at the J. end of the 


Fig. 19 — Sketch showing the pin num- 
bering of the tube socket and power con- 
nector of the transmitter. 
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Fig. 20 — The three coils are mounted on a section of wood dowel supported on 
aluminum brackets. The antenna tuning capacitor is mounted on small cone in- 
sulators. 


wire, grounding the braid at the nearest grounding lug. Near the opposite end of 
the wire, solder the braid to the grounding lug under SOQ,. Solder the wire at J». 

Solder the bottom terminal of /; to the mounting bracket of 7;. From Pin 2 
on the tube socket (see Fig. 19), run a shielded wire to the upper terminal 
of J;. Solder at the tube socket. Solder the braid to the nearest grounding lug 
at the tube socket. From the same terminal on J;, run a shielded wire to Pin 4 
of J». Solder at /;. Connect a by-pass capacitor (C's) at the J». end, connect the 
braid to the nearest grounding lug, and solder. Solder a wire from Pin 1 on J, 
to the nearest grounding lug. 


Fig. 21— Connections to the key jack 
should be made referring to this rear-view 
sketch for terminal numbering. 


From the insulated terminal of TP; run a shielded wire up through the 
grommeted hole (G,) to the + terminal of the meter. Solder the shield to the 
nearest grounding lug at 7’P; and also at the upper (see Fig. 22) grounding lug 
at the crystal socket. Run a shielded wire from the — terminal of the meter 
down through the grommeted hole, along the right-hand end of the chassis to 
Terminal 3 (see Fig. 21) of J;. Connect a by-pass capacitor (C9) at the J; end 
of the wire, connect the shield to Terminal 2 on J2, and join Terminals 1 and 2 
with a short piece of wire. Solder all connections on J. 
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Where two shielded wires run close together, as at the right-hand end of the 
chassis and the wires to the meter, spot-solder the two shields together every 
3 or 4 inches. This completes the shielded wiring. 

Run a short length of insulated hook-up wire from the insulated terminal 
of TP, up through the adjacent hole (G;) to the bottom terminal of RF'C,. Solder 
at T’P.. Solder a by-pass capacitor (Cs) between the bottom terminal of RFC, 
and the nearby grounding lug. 

Connect the 0.01-uf. by-pass capacitor (C3) between Pins 7 and 8 on the 
tube socket. Connect a short piece of wire from Pin 7 to the nearest grounding 
lug. Solder at Pin 7. Connect the 100K resistor R; (brown-black-yellow) be- 
tween Pin 5 and the adjacent grounding lug. Solder at the lug. Solder a piece of 
No. 16 wire between Pin 5 and the upper (see Fig. 22) terminal of the crystal 
socket. Solder the other terminal of the crystal socket to the nearest grounding 
lug. 

Solder the 68-ohm resistor R, (blue-grey-black) between Pin 8 on the tube 
socket to the insulated terminal of 7P,;. Connect a by-pass capacitor (C4) from 
Pin 4 on the tube socket to the nearest grounding lug. Solder at the lug. Connect 
the 10K 5-watt resistor 23; from Pin 4 to the insulated terminal of 7’P2 and solder 


Fig. 22 — Bottom view of the transmitter. The r.f. wiring is done with 
No. 16 bare wire. Power wiring is shielded to minimize TVI. The tube 
socket is mounted with its No. 1 and 8 pins toward the rear. 
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at TP»: Solder the 15K 2-watt resistor R, (brown-green-orange) between 
Terminal 4 of the tube socket and the grounding lug toward the rear of the 
chassis. 

Connect a No. 16 wire from the bottom (see Fig. 22) terminal of the 
antenna-terminal strip to 7 PB,. Solder at the terminal strip. Solder a No. 
16 wire between TPB, and TPB3. Solder a No. 16 wire between the middle 
terminal on the antenna-terminal strip and TPB». Solder a wire between the 
top terminal of the antenna-terminal strip to the nearest grounding lug. 

On top of the chassis, solder the lug at the rear of Cs to TPB. Solder a No. 
16 wire between one of the lugs on SO» and a stator terminal on the right-hand 
(see Fig. 17) side of Cy. Cut a piece of No. 16 wire 114 inches long, and solder 
it in a vertical position to the lug on SO;. Connect the blocking capacitor (C5) 
between the top end of this wire and the top terminal of RFC 1. Solder at the 
wire end. Cut the flexible lead of the bakelite tube-plate-cap connector to a 


INSULATION 


Fig. 23— Sketch showing how to pre- 
pare the ends of the shielded wire and how 
to connect the by-pass capacitors. 


(A) (B) 


length of about 314 inches, and solder it to the top terminal of RFC i. Solder Ly 
between the lug on SO, and the adjacent wire between SO, and C,. Connect 
a No. 16 wire between TPB, and the stator terminal on the left-hand (see Fig. 
17) side of Cs. 

Cut two pieces of insulated hook-up wire about 6 inches long. Twist them 
together to form a twisted pair and solder between the ends of L, and the termi- 
nals of Iz, running the pair down through the grommeted hole (G3) below the 
coil assembly. Solder the outside end of L, to the remaining lug on SO». Solder 
the other end of L2 to the grounding lug below. Solder the inside end of L3 to 
TPB,. Solder the other end of L; to TPBs. 

A power cable of sufficient length to reach from the transmitter to the 
power supply should be made up. This cable consists of two lengths of shielded 
wire. The inner conductor of one wire should connect Pin 4 of the female plug 

1 to Pin 4 on the male plug P». The inner conductor of the other wire should 
connect Pin 2 of the female plug to Pin 2 on the male plug. The outer braids 
ot the two wires should be spot-soldered together every few inches, and con- 
nected to Pin 1 of the plug at each end. 
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A Combination Power Supply 


Construction 


The power supply shown in the photographs of Figs. 24 and 27 has pro- 
vision for operating both this transmitter and the receiver described earlier. 
It is assembled on a 5 X 10 X 3-inch aluminum chassis. No drilling template 
is furnished since the placement of components is not critical, and it is actually 
easier to spot the mounting holes by using some of the parts themselves as 
templates. 

Arrange the power transformer, filter chokes and rectifier-tube socket ap- 
proximately as shown in Fig. 24. Mark the mounting holes for the transformer 
and chokes, and the center point of the socket. Also, mark the center of a 
34-inch hole under the transformer, directly under the point where the bunched 
leads come out of the bottom of the transformer, and 32-inch holes alongside 
each of the filter chokes at the point where the terminal leads emerge. Remove 
the components from the chassis and center-punch the hole centers. 

At the front end of the chassis, the power switch, S;, and the power-transfer 
switch, S2, are centered 114 inches from the edges, and 1% inches down from 
the top. The toggle switch requires a 14-inch hole, and the rotary switch a 
¥¢-inch hole. The two tube sockets, J; and J/2, used here as power connectors, 
are similarly centered in the other end of the chassis. These sockets also require 
a 1!¢-inch center hole. As viewed from the rear, the 5-prong socket, J,, is to 
the right. A 3¢-inch hole, below the sockets and centered between them, is 
needed for the a.c. power cord. 

All mounting holes should be made with a No. 24 drill to clear 14-inch 6-32 
machine screws. See ‘“‘Cutting the Holes” on page 44 for methods of making 
the larger holes and spotting the socket-mounting holes. The rectifier-tube 
socket should be turned with its key slot (see Fig. 26) toward the transformer. 
The power-outlet sockets should be mounted with their No. 1 pins (see Fig. 26) 
toward the top of the chassis. 


Fig. 24— Top view of the combination power supply for the 
transmitter and receiver. 
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Fig. 25 — Circuit of the combination power supply that will handle 
both transmitter and receiver. All capacitances are in uf. 


Ci, Co, Cg — Filter capacitor. 

C4, C5 — R.f. by-pass capacitor to reduce tunable hum (disk ceramic). 

Ji — Receiver power outlet (5-prong tube socket — Amphenol 77MIP35). 

J2— Transmitter power outlet (4-prong tube socket — Amphenol 
T7MIP4). 

L; — Filter choke, 590 ohms (used for receiver only — Stancor C-1003). 

Le, L3; — Filter choke, 60 ohms (Stancor C-2304). 

P; — A.c. power plug. 

R; — Bleeder resistor (to discharge filter capacitors — a safety measure). 

S; — A.c. power switch (s.p.s.t. toggle). 

So — Power-transfer switch, bakelite rotary (Centralab 1405). 

T; — Power transformer: 700 volts, c.t., 90 ma.; 5 volts, 2 amps.; 6.3 volts, 
3 amps. (Stancor PC-8409). 


Additional Parts for the Combination Power Supply 
Not Shown Under Fig. 25 


1 5 X 10 X 3-inch aluminum chassis. 

1 octal tube socket (Amphenol 77MIP8). 

4 rubber grommets to fit 34-inch hole. 

1 rubber grommet to fit °4-inch hole. 

1 tie point with 3 insulated terminals. 

2 tie points with | insulated terminal. 

9 soldering lugs. 

16 6-32 machine screws )4 inch long with nuts. 
About 5 ft. insulated hook-up wire. 

About 5 ft. rubber a.c. cord. 


The large hole under the transformer, the ones alongside the chokes, and 


the one for the a.c. power cord should be fitted with rubber grommets before 
mounting the components. In mounting the components on top of the chassis, 
several of the mounting screws are used also for fastening grounding lugs or 
insulated tie points. As the chassis is viewed in Fig. 27, 3 soldering lugs (see 


Fig. 


7) are placed under the bottom right-hand mounting nut of the power 


transformer; a single grounding lug is at the lower left-hand corner; a tie 


Fig. 26— 'Tube-socket and _  power- 
connector pin numbering for the power 
supply. 
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point with 3 insulated terminals and a grounding lug are at the upper right- 
hand corner; a tie point with one insulated terminal is at the upper left-hand 
corner. A grounding lug is placed under the left-hand mounting nut of Ly, 
and a tie point with one insulated terminal and a grounding lug under the 
right-hand mounting nut of L;. Two grounding lugs are fastened at the left- 
hand mounting screw of the rectifier-tube socket. 


Fig. 27 — Bottom view of the combination power supply. 


The toggle switch, S,, should be turned with its terminals toward the top 
of the chassis. Fig. 28 shows a sketch of the rotary power-transfer switch as 
viewed from the rear. It should be mounted, as indicated, with its ball detent 
toward the open bottom of the chassis. The switch is equipped with an adjust- 
able stop which can be removed after removing the mounting nut. Turn 
the switch as far as possible in the counterclockwise direction as viewed from 
the rear. With the switch viewed as in Fig. 28, replace the adjustable stop so 
that the tongue protrudes through the top hole on the right-hand side of the 
mounting head. Keep it in this position while the switch is mounted. The 
stop should limit the travel to two positions. 


Wiring 

See preliminary instructions under ‘‘ Wiring” for the receiver, on page 46. 
All of the components may be mounted before wiring is started except the 
capacitors and the resistor. 

Connect up the transformer first. It will make a somewhat neater job if the 
leads are cut off to the required length, but there is no other reason why they 
cannot be left at their original lengths (you may want to salvage the trans- 
former later on). Run one of the red wires to Pin 4 on the tube socket (see Fig. 
26). Run the other red wire to Pin 6. Solder one of the 0.001-uf. capacitors (C4) 


between Pin 6 and the nearest grounding lug. Solder the other 0.001-uf. capac- 
itor (Cs) between Pin 4 and the nearest grounding lug. 
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Solder one yellow wire to Pin 8 of the tube socket. Run the other yellow 
wire to Pin 2. Run one of the black wires to one of the insulated terminals on the 
3-terminal tie point. From this terminal run an insulated wire to one terminal 
of the toggle switch and solder at both ends. Run the other black wire to an- 
other insulated terminal on the 3-terminal tie point. Connect one wire of an 
a.c. power cord to this terminal and solder. Connect the other wire of the 
a.c. cord to the remaining insulated terminal on the 3-terminal tie point. Run 
a wire from this terminal to the remaining terminal on the toggle switch. 
Solder at both ends. 


Fig. 28 — Sketch showing termi- 
nal numbering of the rotary power- 
transfer switch as viewed from the 
rear. 


Solder one of the green wires to one of the 3 nearby grounding lugs. Run 
the other green wire to Pin 5 (see Fig. 26) on the 5-prong power socket. Run a 
wire from this pin to Pin 4 (see Fig. 26) on the 4-prong power socket. Solder at 
both ends. | 

Solder the red-yellow wire to another of the 3 nearby grounding lugs. Win 
a piece of tape over the end of the green-yellow wire so it cannot make contact 
with anything else. This wire is not used. This completes the transformer 
wiring. 

Solder a wire between Pin 1 on the 5-prong power socket and the remaining 
grounding lug immediately below. Also solder a wire between Pin 1 on the 
4-prong power socket and the grounding lug below the socket. Solder a wire 
between Pin 3 on the 5-prong power socket and Terminal 5 (Fig. 28) of the 
rotary switch. Run a wire from Terminal 3 on the rotary switch to. Pin 2 on 
the rectifier-tube socket. Solder at the socket. Connect one terminal wire of 
L, to Terminal 3 on the rotary switch and solder. Run the other terminal 
wire of L, to Terminal 2 on the rotary switch. Run one terminal wire of Le 
to ‘Terminal 2 on the rotary switch. Run the other terminal wire of L», to the 
insulated tie point at the left of the tube socket. Run one terminal wire of Ls 
to this same terminal. Run the other terminal wire of L; to Terminal 1 of the 
rotary switch. Run a wire from this terminal to the insulated terminal of the 
tie point to the right of the tube socket. Solder the resistor, Ri, between Ter- 
minal 1 of the rotary switch and the grounding lug in the upper left-hand 
corner of the chassis. Connect Terminal 4 on S., to terminal 2 on Jo. 

Place C; in the chassis as shown in Fig. 27 with its + terminal toward the 
rotary switch. Slip a piece of insulating tubing (spaghetti) over the wire at the 
+ end of the capacitor (or cover it with tape) and connect it to Terminal 2 
of the rotary switch and solder. Solder the other end of C; to the adjacent 
grounding lug. Place C, in the chassis with its + terminal to the insulated tie 
point to the left of the tube socket and solder at the tie point. Solder the other 
terminal of C, to the adjacent grounding lug. Place C; in the chassis with its + 
terminal connected to the insulated tie point to the right of the tube socket, 
and solder. Solder the other terminal of C3 to the adjacent grounding lug. 
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To complete the job, connect an a.c. power plug to the end of the power 
cord. 

If you have a d.c. voltmeter, you can check the no-load output voltage to 
the transmitter by connecting the voltmeter with its + side to Pin 2 on Js, 
and its — side to the chassis, and turning S, to the clockwise position. By 
moving the + side of the meter to Pin 3 on J;, and turning S, to the counter- 
clockwise position, the no-load voltage to the receiver can be checked. Be 
sure that the toggle power switch 1s turned to the off position while you are con- 
necting the meter!!! The no-load voltage to the transmitter should be about 
450 volts, and the voltage to the receiver about 300. These voltages will fall to 
proper values when the transmitter and receiver loads are connected. 


Circuit Details 


The basic theory behind the power supply is explained in an earlier section. 
The rectifier circuit is of the full-wave type. When the power-transfer switch, 
So, is in the receiver position (shown in Fig. 25) Sep connects the high-voltage 
output of the supply to the receiver power connector J;. The smoothing filter 
has three sections. The three sections reduce the hum level to a value low 
enough for satisfactory operation of the receiver. Since the first filter element 
after the rectifier is a choke, this filter is called a choke-input filter. 

When the switch is thrown to the transmitter position, S:gp connects the 
high-voltage output of the supply to the transmitter power connector J». At the 
same time, Sea shorts out the first filter choke, L,. The first filter element after 
the rectifier is now a capacitor, and the filter is called a capacitive-input filter. 
The first filter capacitor tends to keep charged to a voltage near the peak value 
of the rectified wave. This is in contrast to the action of the choke-input filter 
where the first choke limits the charge which the first capacitor receives. As a 
result, the power supply delivers a considerably higher voltage for transmitting 
than for receiving, making the supply suitable for both. Output voltage with 
the switch in the transmitter position is further increased because the d.c. 
resistance of the first filter choke is eliminated. The filtering action of the 
first choke is not needed for the transmitter, since a transmitter does not require 
quite as much filtering in the power supply as a receiver. 

The primary purpose of FR; is to discharge the filter capacitors when the 
power is turned off. These capacitors hold their charges for a considerable time 
after the power is turned off by S;, and there is the danger that the operator 
might forget this and receive a bad shock should he come in contact with the 
+ high-voltage circuit. The resistor removes this danger. 


The Transmitting Antenna 


The simple random-length wire suggested for use with the receiver will 
not make a satisfactory transmitting antenna. There are numerous forms and 
dimensions that might be used with this transmitter. Some of them, however, 
would require an alteration in the circuit of the antenna tuner. One antenna 
that is quite flexible as to its length is shown in Fig. 29A. It consists of a hori- 
zontal wire elevated as high as possible, fed at the center with a 300- or 400- 
ohm open-wire line of the type sometimes used instead of Twin Lead with TV 
antennas (Fretco types BC or E, Taco 840, Knight 47TX579, etc.). 

Ideally, Sections A should be 65 ft. each, and run in a straight line, while 
Sections B should also be 65 ft. long each, and be brought off at right angles to 
A. However, where the required space is not available, the ends of Sections A 
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Fig. 29—Sketch of a recom- 

mended antenna for the transmit- 

| ter. In restricted space, the ends of 

= the antenna may be bent as shown 

at B. The antenna may also be 

shortened, so long as A + B totals 

130 ft., as discussed in the text. 

Glass or porcelain antenna insula- 
tors should be used as shown. 
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may be bent away from the line of the antenna — to one side or downward, 
as indicated in Fig. 29B. Also, if the station must be located at or near one 
end of the antenna, the feedline may be draped as indicated in B. 

The system will also work quite well if Sections A are lengthened or short- 
ened, provided that feedline Sections B are correspondingly shortened or 
lengthened to keep the total length (A + B) on each side at 130 ft. 


Transmitter Adjustment 


Before attempting to operate the transmitter into an antenna, it is a good 
idea to gain a little practical experience by using an ordinary 15-watt 115-volt 
lamp bulb as a “dummy” antenna. This will permit you to get acquainted with 
the operation of the transmitter without putting a signal on the air that might 
interfere with other amateurs. The lamp makes a good load for this sort of 
preliminary testing because you can find out how the various adjustments affect 
the power output of the transmitter by observing the relative brightness of the 
lamp. 

The lamp should be connected across the antenna terminals of the trans- 
mitter. The ground terminal of the transmitter should be connected to a water 
pipe or steam radiator. This is a safety measure to reduce the danger of shock 
should some component break down unexpectedly. 

Before turning on the power supply, plug an 80-meter crystal into the 
crystal socket. The crystal frequency must lie between 3700 and 3750 ke. if 
you are operating under a Novice Class license. Adjust the spacing between L» 
and L; to about 14 inch, and the spacing between L; and L, to about 1 inch. 
Set C; and C, to maximum capacitance (plates fully meshed). 

Turn on the power (and set the power-transfer switch to the transmitter 
position if you are using the combination power supply described earlier). After 
allowing the tubes to warm up for a few minutes, close the key. The milliam- 
meter should read about 160 ma. With the key held closed, turn C;, slowly 
toward minimum capacitance, watching for a sudden dip in current. This 
should occur with C; set at approximately 70 per cent of maximum. The current 
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should dip to a minimum of approximately 50 ma. This dip in current indicates 
that you have tuned the transmitter tank circuit to resonance. 

Now key the transmitter for a minute or so. If the current suddenly jumps 
to a high value (indicating that the circuit has stopped oscillating), decrease C; 
shightly until the current drops again. 

Now, slowly decrease the capacitance of Cy. This should cause the current 
to rise again. When the current has increased to about 70 ma., readjust Cy 
for resonance. This time, the current at resonance should be greater than it was 
previously, and the load lamp should start to show a glow. By tuning the an- 
tenna system closer to the transmitter frequency (tuning the antenna system 
closer to resonance), the power input to the transmitter has been increased, and 
this has resulted in greater output to the antenna. 

You will notice that the load lamp lights brightest at the point where the 
current dips as you adjust Cy. If you tune away from this point in either direc- 
tion, the lamp will grow dimmer. Remember that maximum output is always 
obtained with C, adjusted for the dip in current. The value of current at the 
dip will vary with adjustment of the antenna tuning. 

You should find, as you set C. to sueceedingly lower values of capacitance 
and readjust C, each time for resonance, that the minimum current at reso- 
nance will keep increasing for a time, and the load lamp will get brighter. Then 
the current will begin to decrease and the output lamp will grow dimmer, 
indicating that you have gone past resonance in the antenna circuit. Readjust 
C’, in the opposite direction and C; to resonance until you get back to the point 
where the current was greatest at resonance. 

If this current is less than 100 ma. (which it probably will be), turn off the 
power supply and move L;3 a little closer to L. and again go through the pro- 
cedure just described. (Always turn the power supply off before touching the coils!! 
With the parallel system of high-voltage plate feed used in this circuit, no high 
voltage should appear on the coils. However, some day you may have reason to 
work on a transmitter that does not have this safety feature. Get in the habit 
of never putting your hands into any electrical equipment until the power 
has been turned completely off.) 

Continue the adjustment described until the current dips to 100 ma. when 
C’; is adjusted for resonance and any further adjustment of C, causes the cur- 
rent to decrease. If, with any adjustment of Cs, the minimum current at reso- 
nance in the transmitter tank circuit runs above 100 ma., the coupling to the 
antenna should be reduced; that is, L3 should be moved farther away from Ly». 

When the transmitter is fully adjusted for maximum rated input (cur- 
rent 100 ma. at resonance) the load lamp should light to almost full normal 
brilliance. If at any point in the adjustment the circuit does not key reliably, 
reduce the capacitance of Ci, but only to the extent that is found necessary 
for reliable keying. : 

At this point, L, should be moved closer to Lz, a bit at a time, until J, 
lights up so that it can readily be seen when the key is closed. (If Ls is moved 
too close to Le, the bulb may burn out.) Now you will find that the brilliance 
of J, will vary in accordance with the load lamp when the transmitter is tuned. 
I, is useful in adjusting for maximum output when the antenna is connected. 

If a voltmeter is available, screen and plate voltages under load can be 
checked. With the power turned off, connect the + side of the voltmeter to the 
bottom terminal of RFC, and the — side to the chassis. With the power turned 
on and the key closed, the meter should read approximately 325 volts. Turn off 
the power supply. Shift the + terminal of the voltmeter to the junction be- 
tween Rk; and Ry. With the power on and the key closed, the meter should read 
about 135 volts. 


80 A BEGINNER'S 


Coupling to the Antenna 


After you have become thoroughly familiar with the handling of the trans- 
mitter, the antenna feedline can be connected in place of the load lamp. The 
procedure for adjusting the transmitter with the antenna as a load is the same 
as for the lamp. Start out with LZ. and L3 separated about 34 inch so that the 
dip in current will be easily noticed. Then move L; closer to Ly a bit at a time 
until the current at resonance is 100 ma. This should occur with ZL, and L; 
separated about 1% inch. 


TVI 


If you have a TV receiver, switch it to the v.h.f. channels if they are in use 
in your vicinity. Operate the transmitter while you, or someone else, watches 
the screen. If you find that the transmitter causes interference, it should be 
possible to clear it up entirely with one of the 300-ohm low-pass filters (such as 
the Drake TV-300LP) connected between the transmitter output terminals 
and the feedline. 


How the Transmitter Works 


The transmitter is of the simple type in which the oscillator feeds the 
antenna directly. The frequency of the output signal is governed by the quartz 
crystal Y;. When you buy a crystal, you must specify the frequency you want 
to operate on. If you want to operate on more than one frequency, you will have 
to provide a crystal for each frequency. 

Although a screen-grid tube is used, enough capacitance remains between 
the plate and grid inside the tube to provide sufficient feed-back coupling. 
When the circuit oscillates, r.f. is rectified in the diode formed by the control 
grid and cathode. The rectified current flows through the grid-leak resistor Rx, 
causing a voltage drop across the resistor. The direction of current flow is such 


Fig. 30 — The total bias when the trans- 
mitting tube is oscillating is the sum of the 
voltage drops across the grid leak Rj, and 
the cathode resistor Ro. 


that the grid end of the resistor is negative in respect to ground. The d.e. plate 
and screen currents flow through the cathode biasing resistor Ry, causing a 
voltage drop across this resistor. The direction of current flow is such that the 
cathode end of the resistor is positive in respect to ground. The total biasing 
voltage between cathode and grid is therefore the sum of the voltage drops 
across the two resistors, as illustrated in Fig. 30. If oscillation ceases, grid 
current stops and that portion of the biasing voltage across R, is lost. With 
zero grid bias, the tube would draw a very large plate current — enough to 
run the meter off scale and possibly damage it. However, since plate and screen 
currents continue to flow even when there is no oscillation, the voltage drop 
across #» still remains. This provides sufficient bias to limit the plate and screen 
currents to a total that is within the range of the meter during the time that it 
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takes to adjust the circuit to restore oscillation. Since the meter is in the cathode 
circuit, it reads the sum of grid, screen and plate currents.! 

C; is an r.f. by-pass capacitor around Re, the meter and the key. The key 
opens and closes the d.c. connection between cathode and ground. Since the 
negative terminal of the high-voltage supply is connected to ground, the trans- 
mitter is turned on and off (keyed) by connecting and disconnecting the power 
supply as indicated in Fig. 31.2 (This does not mean that opening the key makes 
it safe to handle the transmitter while the power supply is still turned on. Never 
put your hands into a transmitter until the power supply has been turned com- 


pletely off!!) 


Fig. 31 — This abbreviated circuit shows (=) 
more clearly how the key disconnects the 
power supply from the transmitter. 


R; and R4form what is called a voltage divider. It is used to reduce the 325 
volts from the power supply to a lower value that is suitable for the screen. 
It can be looked upon as a simple series resistor, R3, with another resistor, 
R,4in parallel with the screen of the tube. The current drawn by R, is added to 
the current drawn by the screen. Since the total current flowing through R3 
is therefore increased, any change in screen current becomes a smaller per- 
centage of the total, and the voltage change caused by a change in screen cur-— 
rent becomes smaller. In other words, the addition of R4 helps toward main- 
taining a steadier screen voltage. | 

RFC, provides a d.c. path for feeding plate voltage to the tube. It must have 
a high impedance at r.f., otherwise it would short-circuit the r.f. output of the 
tube. Cs bypasses r.f. around the high-voltage supply. 

Cis a blocking capacitor that passes r.f. but blocks the flow of d.c. through 
the tank coil, Le, to ground. L,; is used to suppress v.h.f. parasitic oscillation 
(see an earlier section). 

The plate tank circuit consisting of C; and Le serves three purposes. By 
proper adjustment of C; (so that the circuit is tuned to a frequency slightly 
higher than the crystal frequency) the phase of the feed-back voltage can be 
made proper to produce oscillation. It helps to minimize the output of energy 
at harmonic frequencies that are usually generated in an oscillator. It provides 
a means of coupling the r.f. output of the tube to the load circuit (the antenna). 

L; and C, comprise a parallel-connected antenna tuner. Adjustment of C2 
will cancel any reactance that may appear at the input terminals to the an- 


1 It might be desirable to place the meter in the + high-voltage lead to the plate where it would 
indicate plate current only, since this determines the true plate input to the tube. However, 
some types of meters that might be substituted for the one specified have exposed adjusting 
screws on the front, setting up a hazard to the operator unless the meter is specially mounted. 
Placing the meter in the cathode circuit removes this danger. 

* Actually, the keying action is not quite that simple. The key also breaks the grid-return 
path to cathode. An ‘‘open”’ grid collects a negative charge that tends to block the flow of 
plate current. As a result, the voltage appearing across the key contacts when the key is open is 
reduced to a relatively safe value. If the grid leak were returned directly to cathode so that 
the key did not open the grid return (negative high-voltage keying), the voltage across the key 
contacts would be practically the full supply voltage, with the danger of serious shock should 
the operator accidentally touch the bare parts of the key. 
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tenna system so that the system then appears as a resistive load. By adjust- 
ment of the coupling between Lz and Lz, the load resistance represented by the 
antenna can be transformed to the value of plate load resistance required by 
the tube for proper operation. (The practical effect is to cause the tube to 
operate at the required plate-current input.) 

C’;, Cs and Cy are for the primary purpose of by-passing v.h.f. harmonics 
to minimize TVI. 

/, is an output resonance indicator. It is an aid in adjusting plate and an- 
tenna circuits for maximum output. J, is a panel lamp that indicates when the 
power supply is turned on. 


DANGER! HIGH VOLTAGE! 


In some of the equipment described in this booklet the voltage between 
certain points may run as high as 800 or 900 volts. Since individuals some- 
times are killed by coming in contact with ordinary 115-volt home lighting 
circuits, the beginner must forever be aware of the potential danger at- 
tached to careless handling of amateur radio equipment — particularly 


transmitters. 

Make it your first rule to form the habit never to touch anything be- 
hind the panel of a receiver or transmitter without first turning off all 
power. Thousands of amateurs, young and old, work daily with equipment 
carrying voltages as high as 8000 or 10,000 with complete safety. But the 
operator should never forget for a moment that harmless-appearing gear 
can and has been lethal in isolated instances when the operator became 
careless. NEVER TOUCH ANYTHING BEHIND THE PANEL UNTIL 
YOU ARE CERTAIN THAT ALL POWER HAS BEEN TURNED 
OFF! 


Starting on the 
V.H.F. Bands 


There is no better place for breaking into amateur radio than on 50 or 
144 Me. These bands do not offer the long working range of lower frequencies 
open to the Novice, but they do provide interference-free communication 
with low power and simple gear. In most areas the beginner can work stations 
over a radius of 50 miles or more consistently, without the interference that 
so often breaks up communication on lower frequencies. 

The bands from 50 Me. up also have a special appeal for the experi- 
mentally-inclined amateur. Though rapid strides have been made in equipment 
design for these frequencies in recent years, the gear is still somewhat experi- 
mental in nature. Antennas are comparatively small in size and easy to erect, 
so many v.h.f. operators find pleasure and profit in antenna experiments. The 
means by which v.h-f. signals reach distant points are still far from completely 
understood, and an observant enthusiast may have the opportunity to con- 
tribute to our knowledge in this field. 


Nature of the Bands Above 50 Mc. 


The only band in the v.h.f. range open to Novices is 145 to 147 Me., which 
is the middle half of the 2-meter band, 144 to 148 Mc. As on the lower bands, 
he may use no more than 75 watts input, and his transmitter must be crystal 
controlled. He may use voice communication, however, a privilege open to him 
on no other band. The Technician may operate, with no special restrictions, 1n 
the 50-Mc. band, from 145-147 Mc. and in any amateur assignment from 220 
Me. upward. Let’s see what is possible on these frequencies. 

50 to 54 Mc.: This is borderline territory; a v.h.f. band with some of the 
characteristics of lower frequencies. Nearly every form of wave propagation 
shows up here now and then, and this variable nature is a major factor in its 
appeal. 

In reasonably open terrain the 50-Mc. band is useful for reliable com- 
munication over a radius of 50 miles or more, even with low power. Nearby 
hills much higher than’ one’s station may restrict this coverage, depending 
on how near and how high the obstructions are. Distances under 25 miles are 
usually workable, even in hilly country. When any form of long-distance 
propagation is present, the character of the location has far less to do with one’s 
ability to work out on 50 Mc. Extensions of the normal operating range come 
about mainly through four different natural phenomena. 

Tropospheric bending, associated with weather variations, may double or 
triple the normal coverage. It can be predicted by watching the weather maps 
and observing local weather conditions. It is most common in the spring and 
fall months, but it occurs during all seasons. 

Sporadic-E skip makes possible work over distances of 400 to 1300 miles, and 
occasionally up to 2500 miles or more. It shows up frequently in May, June 
and July; less often in midwinter; and now and then at any season. 


83 


84 STARTING ON THE 


Reflections from the F region of the ionosphere may be possible during the 
peak years of the sunspot cycle (1956 to 1960), allowing work over paths of 
2000 miles or more in early spring and late fall. 

Aurora DX is possible during periods of pronounced ionospheric disturb- 
ance, usually when there is a visible aurora. Work over 100 to 600 miles (and 
on rare occasions up to 1000 miles or more) is done by aiming the directional 
array toward the auroral curtain. Auroral effects are most common in north- 
eastern U.S.A. Because of the diffused nature of the reflected signal, voice is 
nearly always badly distorted, and the most effective medium of communica- 
tion is c.w., at moderate keying speeds. 


145 to 147 Mc.: Normal range on this band is very similar to that on 
50 Me. It is less subject to ionospheric effects. Sporadic-E skip is very rare, 
and F-layer skip is probably impossible. Aurora reflection work is common 
in northeastern U.S.A., and the distances are similar to those on 50 Me. It is 
most readily done with high-powered c.w. transmitters, which may limit the 
possibilities for the Novice. 

The effects of weather increase with frequency, so the 2-meter operator 
gets more fun out of this form of DX than does the 6-meter man. It is frequently 
possible to work distances of 300 miles or more if good equipment and antennas 
are used, and up to 500 miles is not rare. The best equipped stations occasion- 
ally work up to 1000 miles or more, when stable weather patterns develop over 
large areas at one time. Tropospheric bending is most frequent in the spring 
and fall months, but it develops at all seasons. 


220 to 225 Mc. and 420 to 450 Mc.: Propagation on these bands is quite 
similar to that on 144 Mc., except that auroral effects drop off with frequency. 
Contacts have been made via the aurora on 220 Mc., but its effect on higher 
bands is not known. Tropospheric propagation is more marked than on 144 
Mc., and two-way work over equal distances probably only awaits more 
general use of these bands. 


The Microwave Region: The Technician may use any of our microwave 
bands, 1215 to 1300 Mc., 2300 to 2450 Mce., 3500 to 3700 Mc., 5650 to 5925 Me., 
10,000 to 10,500 Mc., 21,000 to 22,000 Mc., and any frequency above 30,000 Me. 
The characteristics of these bands are little known, and they represent a 
fruitful field for the experimenter. 


Buy or Build? 


Until recent years the would-be v.h.f. enthusiast had no choice but to 
build his own equipment. This is no longer necessary. You can purchase trans- 
mitters, receivers and antenna systems ready-made, if you wish, and many 
users of the 50- and 144-Mc. bands do. Building all or part of your v.h-. 
station can be highly worthwhile, however, from several angles. 

There is much more to hamming on the v.h.f. bands than just the fun of 
talking with others of like interests, though this is certainly a major attraction, 
The ambitious v.h.f. man is seldom willing to take a manufacturer’s word for 
the excellence of his product, however, and sooner or later he will want to try 
his hand at building something better than can be found in a catalog. Building 
your own gear will help you understand basic principles of equipment design, 
and it is the one way to be sure that you will have the design features you 
most want in your station. 

Construction of v.h.f. gear can usually save you an appreciable portion of 
the total cost of your station, and you can build it piece by piece, as time and 
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finances permit. If it is built in separate units you can make improvements 
on individual portions of the station without affecting the rest. What real ham 
is ever completely satisfied with the performance of his station? To keep making 
it better and better, over the years, is much more economically done with 
equipment you build yourself. 


How Much Power? 


We have seen the power level in use at most amateur stations rise steadily 
over the years. The same trend shows in v.h.f. circles, but it is still possible 
to have fun and do good work on 50 Me. and higher bands with quite low 
power. Increasing power in the transmitter, improving the performance of the 
receiver, and building bigger and better beam antennas certainly pays off for 
the v.h.f. man, but he can start out in the 10-watt class if he wants to, and he 
will find plenty of company. 

The transmitters described here may be used, as shown, on 50 and 144 
Mce., with good results. Later on, if you want to increase power, they will serve 
very well as driver stages for amplifiers capable of running 100 watts or more. 
The simple converter shown for receiving can be improved by the addition 
of various gadgets at a later date, or it can be replaced with something com- 
pletely new, with no great financial loss. 


Receiving on the V.H.F. Bands 


The ability to detect weak signals is important in v.h.f. work to a greater 
extent than on lower frequencies. External noise and the presence of other 
signals on the same frequency often prevent effective weak-signal work on 
frequencies below 30 Mc., but on 50 Me. and higher bands reception of the 
weak ones is almost wholly a matter of receiver performance. 

Complete receivers designed especially for v.h.f. work may be built or 
purchased, but the most economical approach (and usually the best) is the use 
of a v.h.f. converter, working into a receiver designed for lower frequencies. 
Such converters are similar in principle to the first stages of the communica- 
tions receiver, which now serves as the i.f. amplifier system. The block diagram, 
Fig. 32, shows two ways of doing the Job. 

At the left is shown the method we use in the converter described here. 
In 50-Me. reception, for example, the received signal (frequency between 50 
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Signals, 
50-54 Mc. 


F. 
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50-54 Me. 


LF. a 
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43-47 Mc. 


Fig. 32 — Two methods of providing v.h.f. reception with converters used with com- 
munications receivers. At the left is the tunable-oscillator approach, wherein the re- 
ceiver is left on a single frequency and the converter is tuned across the band. The 
crystal-controlled converter, right, is fixed in frequency. The receiver is tuned across 
the intermediate-frequency range. | 
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and 54 Mc.) is applied to a mixer stage. Also fed into the mixer is energy from 
an oscillator, the frequency of which can be varied between 43 and 47 Me. 
These two voltages beat together, producing a resultant frequency (called 
the intermediate frequency) of 7 Mc. (50 minus 43, 51 minus 44, and so on). 
The communications receiver is tuned to 7 Mc., and the if. signal it receives 
from the mixer stage looks to it exactly the same as one it would receive on 
7 Me., if it were connected directly to the antenna. 

Another way is shown at the right. The mixer stage is similar to the first 
case, but the frequency fed from the oscillator is fixed at 43 Mc. The output 
frequency of the mixer now is dependent on the frequency of the received 
signal. It will be 7 Mc. for a 50-Mce. signal, but a 51-Me. signal will be converted 
to 8 Mc. For a 52-Mc. signal the mixer output will be 9 Mc., and so on. The 
recewer is tuned in this case, not the converter. 

Both methods have certain advantages. The principal virtue of the 
tunable-oscillator approach is simplicity, which is why we use it here. The 
crystal-controlled oscillator method provides excellent stability, and it is 
commonly used in the better commercial and amateur converters for v.h.. 
reception. It requires more components, and is somewhat more difficult to 
adjust. You will very likely go to it eventually, but the tunable converter is 
probably the best bet for a starter. 

The tunable converter can be used with almost any receiver that is 
capable of tuning to around 7 Mc. Also, it can be made to work on any of the 
amateur bands from 21 to 220 Mc., by the simple expedient of using the coils 
for the band you are interested in. It is by no means the best converter in the 
world, but it does work. Many newcomers to the v.h.f. ranks have built dupli- 
cates of it, and their reports show that it will enable you to hear just about 
any station that will be within the working range of a low-powered transmitter. 


Building the Converter 


Our converter can be made to work on 21, 28, 50, 144 or 220 Mce., but it 
should not be thought of as a multi-band converter in the usual sense. To keep 


Fig. 33—QOne-tube 
converter, with 144-Me. 
oscillator tuned circuit 
in place. Selenium recti- 
fier power supply, shown 
plugged onto rear of the 
converter, may be omit- 
ted if power is taken from 
the receiver. 


V.H.F. BANDS 87 


6J6 


Fig. 34 — Schematic diagram and parts information for the simple converter. 


C, — 15-yyf. variable (Hammarlund HF-15). 
C,, C; — 100-yuf. ceramic. 
C; — 10-uyf. ceramic (connect close to plate pin). 
C, — 47-uyf. ceramic. 
C; — 45-uuf. ceramic trimmer (Mallory ST-557-N; one for each band required). 
C; — Split-stator variable, about 12-yuf. per section (Hammarlund HFD-15X with 
2 rotor plates and 1 stator plate removed from each section). 
Cs — 0.001-uf. ceramic. 
Co, Cio — 16-yf. 250-v. electrolytic. 
R; — 1 megohm 4 watt. 
R;, — 10,000 ohms, 14 watt. 
R; — 1000 ohms, 14 watt. 
R, — 33,000 ohms, 4 watt. 
R; — 3300 ohms, 14 watt. 
R,; — 22 ohms, 1 watt. 
L; — 21, 28 Mc. — 16 turns No. 20 tinned, 24-inch diam., 1 inch long, tapped 4 turns 
from ground end. (B & W Miniductor No. 3011). 
30 Mc. —7 turns No. 20 tinned, 54-inch diam., 7{¢ inch long, tapped 2 turns 
from ground end. (B & W 3007). 
144 Mec. — 2 turns 14-inch diam. No. 12 tinned wire, spaced 14 inch, tapped 34 
turn from ground end. 
220 Me. — 1 turn 44-inch diam. No. 12 tinned wire, tapped near center. 
L, — 21, 28 Mc. — 15 turns B & W 3011 c.t. Add C; as in photo. 
50 Mc. — 7 turns B & W 3007 c.t. Add C; as in photo. 
144 Me. — Hairpin loop of No. 12 tinned wire 1 inch long, 1 inch wide, c.t. Con- 
nect C; to C; terminals. 
220 Mc. — Hairpin loop of No. 12 tinned wire, 34 inch long, 34 inch wide with 
34-inch leads, c.t. Connect C; 54 inch from capacitor terminals; see photo. 
L; — 24 turns No. 24 enamel on °4-inch iron-slug form (National XR-91). 
L, — 4 turns No. 24 d.c.c. or enamel at cold end of Ls. 
Ji, Je — Phono jacks (Cinch 81B or two Cinch 81A single jacks). 
J; — 4-contact male chassis fitting (Amphenol 86RCP4). 
Js — 4-contact female chassis fitting Sane aaa 7 Ses a 
P, — 115-volt line plug. 8 
S; — S.p.s.t. toggle switch. 
CR, — 20-ma. selenium rectifier (Federal 1159). 
T; — Power transformer, 150 volts at 25 ma.; 6.3 volts at 0.5 amp. (Merit P-3046). 


~ 


the construction as simple as possible the coils are wired into the circuit. To 
change bands it is necessary to remove one set of coils and solder another set 
in its place. This is true except when changing from 21 to 28 Mc. These bands 
are covered with a single set of coils, and the capacitors C; and Cs are adjusted 
to tune the coils to the proper frequencies. 

A single 6J6 triode serves as mixer and oscillator. The circuit 1,C, is tuned 
to the signal frequency, and the antenna is tapped directly onto the coil L;. The 
oscillator portion is tuned by C; and Cy to a frequency that is 7 megacycles 
lower than the desired signal. The intermediate-frequency signal on 7 Me. 
is taken from the tuned circuit C;L3, and fed through the coupling winding 
LL, into the antenna circuit of the communications receiver. 


88 STARTING ON THE 


A small power supply is shown with the converter in the first photograph, 
and the circuit is given in the schematic diagram, but we recommend that you 
skip the power supply if at all possible. The converter requires only a very 
little power, and this can be drawn from the receiver or some other source in 
almost every case. More about that later. 

The converter was designed so as to use the absolute minimum of parts. 
No special brackets need be made, and the parts are mounted on a standard 
aluminum chassis (5 X 7 X 2 inches; Premier ACH-126) that is easy to drill. 
If you use the same parts as we did you can follow the layout drawing, Fig. 36, 
in drilling the chassis. 

The main tuning capacitor, C¢, is tuned with a vernier dial of the friction- 
drive variety (National Type K), and a larger knob (National Type HRT-M) 
is substituted for the small one that is supplied with the dial. This is not 
absolutely necessary, but it makes tuning in the signals considerably easier. 


Fig. 35 — Bottom view of the converter, showing the principal parts 
numbered as they appear on the schematic diagram. 


Separate padder capacitors (Cs) are used with each coil, in the interest of ease 
in changing bands. The padder may thus be set for the band in question, and 
it will require no readjustment thereafter, except in going from 21 to 28 Mce., or 
vice versa. 

The 66 socket is subpanel mounted, just to the left of the tuning capacitor. 
The lugs on Cs support the two ends of the oscillator plate coil. Connection to 
the center tap of the coil is made through an isolating resistor, R3. One resistor 
could have served the purpose here, but soldering to the coils is rather a ticklish 
matter, so a resistor was used for each coil. Its other end is supported on the 
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Fig. 36 — Layout drawing of the 
converter chassis, showing size and 
location of all holes. 


feed-through bushing at the right side of the chassis. Power, antenna, and if. 
output connections are made to fittings on the back of the chassis. 

The power supply is shown plugged onto the back of the converter. If the 
power plugs are positioned as shown, this direct connection of the two units 
will avoid the use of an interconnecting cable. If the power is to be drawn from 
the receiver or some other source, a 4-pin cable connector will be needed to plug 
onto J;. The cable will need only three wires. 

Parts that show in the bottom view are identified by the numbers used 
on the schematic diagram. It will be seen that very little wiring is required, 
other than soldering these small parts in place. The leads should be as short 
as possible. The slug-tuned coil, L3, is below the tube socket, and below it is a 
2-terminal tie point, supporting R,. An insulated wire runs from the tie point . 
over to the feed-through bushing at the right side of the picture, and also to the 
power connector, Pin 2. 

The grounded side of the heater circuit of the 6J6 is wired by soldering 
a very short lead from Pin 4 to a grounding lug under one of the nuts that hold 
the socket in place. The chassis carries that side of the heater circuit and the 
other is an insulated wire from Pin 3 to the power connector, Pin 4. Pin 1 on 
the power connector should be connected to the chassis, preferably through a 
ground lug where ./3 is mounted. 

In winding the coil, L;, two of the small plastic rings supplied with the 
XR-91 form should be cemented in place % inch apart, with the top ring close 
to the top end of the form. Allow the cement to dry before winding the coil. 
The leads are threaded through the small holes for this purpose in the plastic 
rings. The coupling winding, L,, is wound over the lower end of L3, and may be 
cemented in place. Its leads should be twisted together loosely and run over 
to the output connector on the back of the chassis. A dual connector is shown 
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for the antenna and i.f. output connections, but two separate units will serve 
just as well if the dual one is not available. 

The mixer grid circuit 1s visible above and to the left of the tube socket. C; 
is mounted on the front wall of the chassis and L, is soldered across its terminals. 


Fig. 37 — Coils for the one-tube converter. Top row are the oscillator 
coils, with trimmers (C;) attached. Corresponding mixer coils below. Left 
to right sets for 21 to 28 Mc., 50 Mc. and 220 Me. The 144-Me. coils appear 
in the converter photographs. 


A short piece of coax (RG-58/U or RG-59/U) is run from the input connector 
to the grid circuit. Here the braid is grounded to the rotor of C,; and the inner 
conductor is tapped onto L, in the proper place. Note the two 3<-inch holes 
drilled between the tube socket and the tuning capacitor. These are for the 
leads from Cy and Pin 1 of the 6J6, which pass through the chassis near the 
centers of the holes. The tube socket should be mounted as shown with Pin 1 
adjacent to the large hole near the middle of the chassis. 

The third photograph shows the coils for 15, 10, 6 and 114 meters, the 
2-meter coils being on the converter when the pictures were made. The oscil- 
lator coils with their trimmers (C5) and decoupling resistors (R3) are in the back 
row, and the mixer grid coils are in the front row. It is not necessary to use 
separate trimmers for each oscillator coil, but doing this eliminates the need 
for readjustment when changing coils. The use of separate decoupling resistors 
does away with repeated soldering to the coil center tap. The coils for 50 Me. 
and below are made of sections of B & W Miniductor. It will be easier to solder 
to these if the turns each side of the desired one are bent toward the center of 
the coil. The higher frequency coils are made from No. 14 wire as described 
in the parts list. 

The oscillator capacitor, Cs, was modified slightly to secure more band- 
spread on the higher ranges. The end stator plate and the last two rotor plates 
of each section should be removed by twisting carefully with long-nosed pliers. 
This leaves four stator and three rotor plates in each section. If the converter 
is to be used on 144 or 220 Me. only, the bandspread may be increased by 
removing more plates, but it is advisable to leave them on until the proper 
frequencies are found. 

If you decide to build the power supply, no special attention need be paid 
to arrangement of its parts. The housing shown is a standard aluminum utility 
box, 4 by 4 by 2 inches in size, with removable top and bottom plates. Any 
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other box that will hold the parts and permit plugging onto the back of the 
converter may be used in a similar manner. 

We recommend that you draw the converter power from your receiver, 
unless the receiver power supply is.the transformerless variety, as in the 8-38 
series receivers. If your receiver has a power transformer, the small amount of 
power for the converter will not overload it seriously. Most receivers have an 
accesssory socket on the back of the chassis for just this purpose. Check your 
instruction book for the necessary connections. If a regulated voltage is brought 
out to the accessory socket, it should be used for the converter. 

The mixer stage works best with a plate voltage around 75. This is not 
critical, but you may want to experiment with the value of R.4, to adjust the 
voltage on the mixer. A variation of 25 volts one way or another will make very 
little difference. Even a 6714-volt or 90-volt B battery can be used for a plate 
supply for the converter. In that case Ry can be reduced to 1000 ohms. 


Adjustment 


First apply filament voltage and see that the 6J6 heater lights up. Now 
apply plate voltage. Check to see that the oscillator is working. If a milliam- 
meter is available (10 to 100 ma. full scale) connect it in series with R; to 
measure oscillator plate current. This should be about 6 ma. and should rise 
when the oscillator coil, Le, is touched with a pencil lead. If it is much higher, 
and does not change, the tube is not oscillating. Recheck the oscillator wiring 
for a mistake, or try another 6J6. 

The frequency of the oscillator may be checked with a calibrated receiver, 
if one is available, or use a grid-dip meter or an absorption-type wavemeter 
with fairly accurate calibration. The grid-dip meter will show output when 
couple to L, and tuned to the frequency of the oscillation. Tuning an absorp- 
tion wavemeter coupled to L, to the oscillator frequency will cause a flicker 
in oscillator plate current. At 220 Me. it is also possible to use a Lecher wire 
system to measure the frequency as outlined in the ARRL Handbook. 

The oscillator should be adjusted (by Cs) to tune below the desired signal 
frequency by the amount chosen as the i.f. For the 21-Me. band the oscillator 
tunes at least 14 to 14.45 Me. For 28 Me. it should cover at least 21 to 22.7 
Me. For the 6-meter band it must tune 43 to 47 Mc., and so on. The trimmer 
capacitor, Cs, and, if necessary, the coil, Ls, are adjusted to set the oscillator 
to the proper range. Actually coverage will be somewhat. more than the width 
of the band, and the desired range should be centered on the dial by varying 
Cs. The coverage mentioned above is obtained by rotating Cs, of course. 

Now connect the converter output to the receiver antenna terminals. 
The converter is normally operated on top of the communications receiver, 
or close alongside it, in a convenient operating position. A coaxial cable is 
made up with a male phono-type coaxial fitting on one end, with enough cable 
to reach from the converter to the receiver antenna terminals. Most receivers 
have a three-terminal antenna connection block. One of these terminals is 
grounded. The middle one and the one at the opposite end from the grounded 
one are normally used for doublet antenna connections. Connect the middle 
one and the grounded terminal together, and make this combination the point 
of connection for the outer conductor of the coaxial cable. The inner con- 
ductor goes on the remaining antenna terminal. 

The mixer plate coil may be tuned to about 7 Me. with a grid-dip meter, or 
it can be peaked on noise with the receiver set at this frequency and the con- 
verter running. Should interference develop at any time on the intermediate 


92 STARTING ON THE 


frequency, the setting of the main receiver dial may be changed slightly to clear 
the trouble. In order to make the dial calibration come out right with a signal 
of known frequency available, the converter dial can be set for that spot and 
the main receiver retuned to make the signal come in there. 

The 15- and 10-meter bands are covered by one pair of coils. It is neces- 
sary, of course, to reset the oscillator trimmer, Cs, for each band to the proper 
range. An alternative would be to use separate coils and trimmers for each band 
as is done on the higher ranges. Bandspread obtained with the original con- 


verter using a 7-Me. 1.f. was as follows: 21.0-21.45 Me. — 65 divisions; 28.0- 
29.7 Mc. — 67 divisions; 50-54 Me. — 75 divisions; 144-148 Mc: —65 divi- 
sions; and 220-225 Mc. — 30 divisions. More bandspread can be obtained on 


the higher ranges by removing more plates from the tuning capacitor, but this 
will not permit full coverage on the lower bands. 


Performance 


On 21 and 28 Me., at least, this simple converter will usually provide all 
the sensitivity that can be used, as external noise is normally the limiting 
factor in weak-signal reception on these bands. At 50 Mc. and higher the 
noise generated within the converter tends to limit the overall sensitivity. 
Thus the addition of a low-noise r.f. amplifier may make a considerable im- 
provement in reception in the v.h.f. ranges. Information on r.f. amplifiers for 
v.h.f. use may be found in any recent edition of The Radio Amateur’s Handbook. 


Fig. 38 — 50-Me. transmitter, with cover removed. Tae crystal and oscil- 
lator slug adjustment are at the far right. Next is the oscillator-doubler 
tube, the doubler plate-tuning knob, the 2E26 amplifier, and the final 
plate and antenna coupling control knobs. Equipment may be built 
without the shield cover, if TVI is not a serious problem. 
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Transmitters for 50 and 144 Mc. 


The newcomer is often confused by the array of equipment available for 
his start on the frequencies above 50 Mc. There are many types of tubes that 
work well on 50 Mce., and most of these also may be used on 144 Mc. The 
circuits and construction methods for using these tubes show even more per- 
plexing variety. We will not attempt to outline all the possible combinations, 
but rather will describe relatively simple equipment for both bands that has 
been built and operated successfully by numerous beginners. 

We first must decide at what power level we are going to start. This is best 
settled by considering available power equipment. A voltage level between 300 
and 400 volts is desirable for the final stage of our transmitter. Here power 
supply components can be selected from those designed for receiver replacement 
purposes, so they are inexpensive and readily obtained. This will mean a final 
stage input power of between 10 and 25 watts. Such a rig will work well with 
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Fig. 39 — Schematic diagram and parts information for the 50-Me. transmitter. 
The alternative oscillator circuit, lower left, is described in the text. 
C, — 15-yyf. midget variable (Hammarlund HF-15). 
C, — 15-yyf. miniature variable, double spaced (Hammarlund HF-15X). 
C; — 50-yyuf. miniature variable (Hammarlund HF-50). 
C, — 1-8-yyf. plastic trimmer (Erie 532-10). 
C;, C; — 50-uuf. ceramic. 
Cs, Cs, Cy, Ci, Cy3 — .001-uf. disk ceramic. 
Cy — 25-uyf. ceramic. 
Ci) — 330-uuf. ceramic. 
R, — 10,000 ohms, 4% watt. ~ 
R, — 4700 ohms, | watt. 
R; — 47,000 ohms, 4 watt. 
R, — 1000 ohms, | watt. 
R; — 22,000 ohms, 1 watt. 
R, — 10 ohms, 4 watt. 
R; — 33,000 ohms, 3 watts (3 100,000-ohm 1l-watt resistors in parallel). 
L, — 24 turns No. 30 enam. closewound on 34-inch diameter slug-tuned form (Na-= 
tional XR-91). 
L, — 5% turns No. 20, 54-inch diam., 34 inch long (B & W Miniductor No. 3007). 
L; — Same as [y, but 614 turns. 
L,— 5 turns No. 20, 34-inch diam., 14 inch long (B & W No. 3010). 
L; — 6turns No. 20, 4-inchdiam., ?4 inch long (B & W No. 3003). Mountat cold end of Ls. 
J: — Coaxial output fitting (Amphenol 83-1R). 
J: — 8-pin male power fitting (Amphenol 86-RCP8). 
RFC, — 7-vh. r.f. choke (Ohmite Z-50). 
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Fig. 40 — Bottom view of the 50-Me. r.f. unit. All parts are indicated 
with numbers shown on the schematic diagram. 


power supplies designed for operation from automobile storage batteries, as 
well as those running on a.c. power. The transmitters we show here can be 
adapted very readily to mobile service. 

If you are breaking into the game as a Novice, you are required by law to 
employ crystal control. Most 2-meter stations use crystal control anyway, and 
so do those on 6 meters. Someday you may want to try variable frequency 
control of some sort, but there is no rush about it. Unlike our lower bands, 
where the flexibility of a v.f.o. is almost essential, the v.h.f. bands are not 
crowded, and there is no great tendency to channeled operation. You’ll make 
out satisfactorily with crystal control, because you’ll find practically everyone 
else doing it. 

The transmitter r.f. sections shown here are very similar in design, with 
only the minimum of added circuitry in the 144-Me. unit that is needed to make 
it work on the higher band. Either will run from a power supply that can be run 
from a car battery, or from a supply like that one shown in Fig. 46. If you want 
to operate with voice, the same modulator and speech equipment will serve for 
either. A suggested modulator diagram is shown in Fig. 45. Either rig will 
take up to 25 watts input to the final stage, depending on the power supply 
used. Provision is made for complete shielding, as an aid to TVI prevention, 
but if TVI is not a serious problem the shield covers may be omitted. 


Circuitry 


A look at the schematic diagrams will show that the first two stages are 
practically identical in the two transmitters. The oscillator portions are similar, 
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except for the crystal frequencies. A dual triode 12AT7 (Via, Vip), serves as a 
combined oscillator and frequency multiplier. For work in the Novice portion 
of the 2-meter band, the crystal should be between 8.057 and 8.165 Mc. With a 
frequency multiplication of 18 times the frequency of operation is 145 to 147 
Me. The Technician licensee may use any part of the 50-Me. band. His crystals 
will be between 8.335 and 8.998 Mc. The crystal frequency is multiplied 6 times 
in this instance. Note that we have left a little leeway at both ends of each 
band. It is not safe to try to shave the band edges too closely. 

Crystals in the 8-Mc. range can be purchased at moderate prices on the 
surplus market. If you decide to order your crystal from new stock, or direct 
from the manufacturer, it would be advisable to use the simplified oscillator 
circuit shown in Fig. 39. A Novice crystal, in this case, should be between 24.17 
and 24.48 Mc. The safe crystal frequency range for 50-Me. operation is 25.02 
to 26.98 Mc. The circuit shown in the main diagrams will usually work with 
the higher frequency crystals, too, but the simpler circuit is preferable if the 
high-frequency types are going to be used exclusively. 

The second half of the 12AT7, Vip, doubles to 50 Me. or triples to 72 
multiplier plate coil, Lo, the circuits are still identical, but from here on they 
differ, and will be described separately. 

In the 50-Me. transmitter the output of the second half of the first 12AT7 
drives the final amplifier, a 2E26. This stage is a neutralized amplifier, and it is 
important that the parts be mounted exactly as shown, if it is to work properly. 
Be sure that you are clear on the placement of each part before you go ahead 
with the assembling and wiring. The 2E26 amplifier circuits are all under the 
chassis. It is important that the coils, particularly, be mounted in the positions 


Fig. 41 — The 144-Mce. r.f. section is similar in construction to the 50- 
Me. unit, except for the extra stage, center, and the mounting of the final 
stage plate coil and controls above the surface. The oscillator tuning 
slug adjustment is hidden behind the 12AT7 at the far right. Doubler 
plate and final stage grid tuning adjustments are just visible between the 
two tubes. 
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shown. Changing their relative positions may make it impossible to neutralize 
the amplifier. 

In the 144-Mc. transmitter one more frequency multiplier stage is needed. 
The output of the second half of the first 12ZAT7 is on 72 Mc., it being a fre- 
quency tripler, instead of a doubler. We use another 12AT7 with its elements 
connected in parallel to double to 144 Mc. This doubler output is inductively 
coupled to the 2E26 final amplifier grid circuit, but note that the arrangement 
of the parts is different from the 50-Me. unit. The shortest possible lead length 
is important on 144 Mc., so the 2E26 plate circuit is mounted above the chassis 
plate. Neutralization is achieved in a different manner, using a small coil in 
the screen circuit, instead of the capacitive neutralization used in the 50-Me. 
transmitter. 


Construction 


Both transmitters are assembled on flat sheets of aluminum 5 by 10 inches 
in size. These fasten to standard 3-inch chassis of the same dimensions that 
serve as both case and shielding. Building on a plate in this way makes for 
greater accessibility than if the parts were mounted on the chassis itself. If a 
top cover is to be provided it should be made of perforated metal to allow for 
ventilation. Angle stock can be fastened to the top surface, as shown in the 
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Fig. 42 — Schematic diagram and parts information for the 144-Me. r.f. unit. 
C, — 15-yuuf. miniature variable (Hammarlund HF-15). 
C:, C3; — 1-8-uyf. plastic trimmer (Erie 532-10). 
Cy, — 15-yuf. miniature variable, double spaced (Hammarlund HF-15X). 
C; — 50-yuuf. miniature variable (Hammarlund HF-50). 
Cs, Cz — 50-uuf. ceramic. 
C;, Co, Cir, Ci2 — .001-uf. disk ceramic. 
R; — 10,000 ohms, 14 watt. 
R., R, — 4700 ohms, | watt. 
R; — 47,000 ohms, 4 watt. 
R;, R; — 22,000 ohms, 14 watt. 
R,; — 1000 ohms, | watt. 
R; — 33,000 ohms, 3 watts (3 100,000-ohm I-watt resistors in parallel). 
L, — 24 turns No. 30 enam. closewound on 34-inch diameter slug-tuned form (Na- 
tional XR-91). 
L, — 4 turns No. 20, 14-inch diam., spaced twice wire diam. (B & W No. 3002). 
L; — 2 turns No. 3002. 
L, — 4 turns No. 3002, center-tapped. 
L; — 27 turns No. 30 enam. on l-watt resistor (Ohmite Z-235). May require different 
size for neutralization; see text. 
L, — 4 turns No. 12 tinned, spaced 4 inch, 34-inch diam., center-tapped. 
L; — 1 turn %4-inch diam., made from inner conductor of RG8U coax connecting to Ji. 
RFC, — Ohmite Z-144. 
J: — Coaxial output fitting (Amphenol 83-1R). 
J: — 8-pin male power fitting (Amphenol 86-RCP8). 
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photographs, and the cover screwed to this, or the cover can be made to slip 
over the edges of the chassis and fasten to it with self-tapping screws. Many 
hardware stores now carry cane metal aluminum sheet for the do-it-yourself 
trade that will be helpful in making the shielding. 

The parts are identified in the photographs, using the numbers given on 
the schematic diagram. The two units are laid out as much alike as possible, 
but corresponding numbers are not always used because of the greater number 
of parts in the 2-meter unit. 

Power wiring is done with shielded wire, and power leads are brought out 
to chassis fittings at the rear of the units. The leads should be left long enough 
to permit lifting the chassis plate for testing without the need for removing 
the power connector from the chassis wall. 

The controls for tuning are fitted with knobs, except where the adjustment 
is made with a threaded rod, as on the core studs and the plastic trimmer 
capacitors. If the units are to be shielded, adjustment can be made through 
holes in the covers. Slotting the knobs with a hacksaw will permit them to be 
turned with a screwdriver, when the shield cover is in place. 


Testing 


Checking the operation of the transmitters is made easy by the power 
connection methods shown in the diagrams. Leads to the oscillator, doubler 
and final-stage plate circuits, and the final-stage grid and screen circuits, are 
brought out to separate terminals on the power connector, so that meters can 
be connected temporarily in each circuit. It is also possible to apply voltage, 
one stage at a time, as the testing progresses. 

If you build the r.f. portion before you have completed the power supply 
that is to be used with the transmitter eventually, testing can be started with 
any power supply that will deliver 200 to 300 volts at 100 ma. or so. It is recom- 
mended that a separate 6.3-volt transformer be used for the heaters, rather 
than drawing the heater voltage from the transformer that is used for high 
voltage. In this way it is convenient to have the heaters energized at all times, 
and the high-voltage supply can be turned off independently between tests. 

We start by adjusting the oscillator. If the supply voltage is 300 or more, 
it is well to feed it through a 5000-ohm 10-watt resistor. (See Fig. 43) This will 
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Fig. 43 — For initial tests of the transmitter oscillator and multiplier 
stages, a 5,000-ohm 10-watt resistor connected in series with the power sup- 


ply and test meter will prevent damage to the tubes. When the stages are 
functioning correctly the resistor may be removed. 


keep the voltage applied to the stage under test at a safe value, in case it is 
not working properly at first. Connect the power source to Pin 3, and adjust 
the position of the slug in L, until a dip in plate current is seen. The current, 
when the stage is oscillating, will be 10 to 15 ma. Now listen to the note of the 
oscillator on 25 or 50 Me. It should have a pure ‘‘crystal’’ tone, and there 
should not be more than a slight change in frequency as the slug is adjusted. 

Now connect directly from the dropping resistor (if used) to Pin 38, and 
connect the meter to Pin 4, to read the current to the doubler stage. Tune C; 
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for minimum plate current, which will be about 15 ma. If you have a low-range 
milliammeter, 0-10 ma. or less, connect it from Pin 5 to chassis, to read the 
current developed in the 2E26 grid circuit. Tune the oscillator and doubler 
circuits for maximum amplifier grid current. 

Now that the first two stages have been checked out, the full 300 volts 
from the supply may be connected permanently to Pins 3 and 4, as shown in 
the schematic diagram. From here on, the grid current in the amplifier will 
give sufficient indication for tuning the first two stages. 

Note that the doubler plate coil and the amplifier grid coil are mounted 
perpendicular to the chassis. Their position with respect to each other is not 
critical, and they may be left with their inner edges about one coil diameter 
apart. There is no harm in moving them a bit nearer or farther apart, if it will 
help to increase the grid current in the amplifier. 

Neutralization of the amplifier is the next step. The neutralizing capacito 
is Cy. Its mounting clip is soldered to the stator post of the plate-tuning capaci- 
tor, Cy. With the oscillator and doubler tuning adjustments set for maximum 
226 grid current, tune C, through its entire range. There will probably be a 
downward dip in the grid current as the circuit hits resonance. Adjust the slug 
in C4, retuning C, each time, until turning C, results in no change in grid cur- 
rent. This indicates the proper setting of C4 for neutralization. If there is no 
position of Cy at which this can be achieved, it will be necessary to alter the 
value of the grid bypass, Co. 

Operation of the final stage may now be checked. Connect the 300-volt 
supply to the screen and plate circuits as shown in the schematic diagram. (We 
don’t need to have the modulator in service yet.) A 10- or 15-watt electric light 


Fig. 44 — Bottom view of the 144-Me. transmitter, showing the loca- 
tions of all components. Positions of the coils and tuning capacitors 
should follow this layout closely. 
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bulb can be connected to J; to serve as a load temporarily. Apply voltage to 
all stages and tune C, for minimum plate current. Now adjust C3 until the 
plate current rises, at which time the bulb should show some light. Adjust C. 
and C; for maximum lamp brilliance. This should occur at or near the point of 
minimum plate current, as C2 is tuned. — 

Now, a final recheck. Adjust the oscillator plate coil slug and the doubler 
plate tuning for maximum grid current, which should be about 2 ma. under 
load. With the amplifier running normally, cut off the plate voltage on either 
the oscillator or doubler stage, or both. The grid current in the 2E26 should 
drop to zero, and the plate current should rise. If grid current remains under 
this condition, the stage is not completely neutralized. Adjust the slug in Cy 
slightly until there is no grid current in the 2E26. Make this check only briefly, 
as the plate input with no drive will be excessive if the stage is operating the 
way it should. | 

The amplifier is now ready for use. For voice work the modulator should 
be connected as shown in the diagrams. The transmitter can be keyed for c.w. 
operation by connecting the key between Pin 6 and ground. Otherwise, Pin 6 
is grounded directly. If the meters are available, it is desirable to leave them 
connected as shown in the schematic diagram to observe the final grid and 
plate currents at all times. Approximate operating conditions for a 300-volt 
supply will be as follows: Amplifier plate current — 50 ma. under load. Off- 
resonance plate current will be about 70 ma. Grid current — 2 ma. The final 
stage can be operated from a separate supply, in which case the voltage can be 
up to 500 volts. Input should be held to under 35 watts. 


The 144-Mc. Transmitter 


Except for the extra doubler stage and the differences made necessary by 
the higher frequency, the two transmitters are built, tested and operated quite 
similarly. Straight inductive coupling is used between the doubler plate and 
2E26 grid circuits in the 2-meter transmitter, and the spacing of the two coils 
must be adjusted for maximum energy transfer, retuning C, and C3 when the 
coil spacing is changed. The amplifier plate circuit is mounted above the deck, 
for short plate leads. The 2E26 is neutralized by inserting a small inductance 
in series with the screen lead (L; in Fig. 42). 

The amplifier tank circuits are series tuned. Output coupling is done with 
a single-turn loop, L;, made of the inner conductor of the coax used to com- 
plete the circuit to the output connector, J;. 

The oscillator circuit is identical to the 50-Me. rig, except that both oscil- 
lator and tripler plate circuits are fed from a single pin on J». The cable con- 
nections for the 50-Mce. rig still apply, except that the 4700-ohm resistor, Ra, 
in the tripler plate lead must be disconnected temporarily to measure the 
oscillator plate current alone. 

Testing the oscillator, tripler and doubler stages is routine otherwise. 
Adjust the spacing between L; and Ly, for maximum 2E26 grid current, and 
check neutralization before applying plate voltage to the 2H26. Check for 
neutralization as in the 50-Mce. rig, altering the number of turns or turn spacing 
in Ls, if necessary. 

The amplifier may be keyed in the screen lead, but no provision is made 
for opening the cathode lead as this often leads to instability at 144 Mc. Note 
here a stability precaution that may be needed is the addition of external copper 
or brass grounding clips bearing on the 2E26 shield ring. These are visible in 
the photograph. They are mounted under the screws that hold the socket in 
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place, and they are bent so as to make contact with the metal ring on the 2E26. 
If screen keying does not completely cut off the 2H26 plate current, additional 
stages may be keyed simultaneously. Fixed bias connected between Pin 5 and 
ground may also be used if earlier stages than the screen are keyed. 

Best-sounding c.w. will be had if the 12AT7 doubler plate and amplifier 
screen are keyed and the oscillator is run from a separate source, preferably 
regulated. Ixeying the plate or screen circuits puts high voltage on the key. Use 
only an insulated key or a relay. The power cable set-up shown allows the 
power supply problem to be solved in any of several ways, to suit one’s own 
requirements. A convenient operating set-up for two bands is to leave both 
rigs connected to a common power source, energizing the heater circuits of the 
one to be used at the moment. 

All 44-inch shafts are fitted with knobs for adjustment when the covers 
are removed. The top surface of each knob is slotted with a hack saw, to a depth 
of about 1/16 inch, to allow for screwdriver adjustment with the covers in 
place. Holes fitted with rubber grommets are over each adjustment. 


The Modulator 


Speech equipment for low-powered transmitters like the ones described 
here can be very simple. A modulator is nothing more than an audio amplifier, 
with an output transformer designed so that the plate and screen current 
drawn by the final stage of the transmitter can be run through its secondary. 
The audio voltage output from the modulator is thus added to or subtracted 
from the d.c. voltage applied to the final stage. This, in simple terms, is the 
essence of modulation. 

The modulator should be capable of delivering audio output power equal to 
at least half the d.c. plate-screen input power of the transmitter with which 
it is to be used. When our r.f. units are operated from a 300-volt supply, their 
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Fig. 45 — Suggested diagram for a simple modulator for either r.f. unit. 
C, — 100-uvf. ceramic. 
C, — .0015-uf. ceramic. 
C3, C; — 8-uf. 450-volt electrolytic. 
C, — .005-uf. ceramic. 
C; — 10-uf. 25-volt electrolytic. 
R, — 2.2-meg. 4 watt. 
R:, Re — 100,000 ohms, 14 watt. 
R; — 47,000 ohms, '% watt. 
R, — 500,000-ohm potentiometer. 
R; — 1500 ohms, 14 watt. 
R; — 10,000 ohms, 4 watt. 
R; — 470,000 ohms 14 watt. 
R, — 680 ohms, | watt. 
Ji — Microphone connector (Amphenol 75-PCIM ). 
J: — 4-pin male power fitting (Amphenol 86-RCP4). 
T, — 10-watt modulation transformer, single pentode to 5000-ohm load (Merit A-3008 
or Thordarson 21M68). 
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input will run about 10 to 15 watts. We will, therefore, need only a maximum of 
7.5 watts audio power from our modulator. This can be supplied by any of 
several combinations of receiving tubes. One is shown in Fig. 45. 

Speech equipment is usually thought of as a long-term investment, so 
some amateurs build their modulators so that they are capable of supplying 
more audio power than will ne needed at the outset. This is usually a good ap- 
proach, as nearly everyone who starts with low power will want to increase it 
somewhat later on. A 25-watt or 50-watt modulator can be used with a 10-watt 
r.f. unit, provided that the operator is careful to keep the gain control set so 
that no more than the required power is delivered. A rough check on the proper 
modulation level can be made by observing the final amplifier plate current. 
Any appreciable fluctuation in this current is an indication of excessive modu- 
lation. 

Mechanical layout is not particularly important in the modulator, except 
for a few simple precautions mentioned later. You can build your speech unit 
in about any form you like. It can be mounted adjacent to the r.f. portion of the 
transmitter, on a table or shelf near it, or across the room, if you like. The 
modulator and power supply diagrams make provision for interconnecting 
cables, and these can be of any convenient length within reason, so the units 
can be arranged to suit the operator’s convenience. 

The modulator shown in Fig. 45 is an example of a simple unit that will 
work with the r.f. units we have just described. It is designed for use withacrystal 
or high-impedance dynamic microphone. Two speech amplifier stages are used, 
these being combined in a single 12AX7 dual triode. The modulator stage is a 
single 6L6. An 807 or a 6BQ6 could be substituted, if the pin connections are 
arranged for these tubes. A 6V6 can be inserted in place of the 6L6, though the 
output will then be slightly lower. It would not be capable of fully modulating 
more than about 10 watts input to the amplifier. 

In laying out the modulator the grid leads of the first two stages should be 
kept short. Otherwise the layout need follow no set pattern. Usually the tubes 
will be mounted in line, with the microphone input at one end and the output 
transformer at the other. Power wiring should be kept well away from the grid 
leads. Using shielded wire will reduce the possibility of r.f. feedback troubles. 
The shield braid should be connected to the chassis every few inches. Use of 
shielded wire is particularly important in the first two stages. 

The leads to the modulation transformer windings are usually color-coded, 
or otherwise identified by the manufacturer. The colors indicated on the dia- 
eram, Fig. 45, are those for the transformer specified. They may be different 
for other products. Where a tapped secondary is provided on the modulation 
transformer, the leads that are specified for a secondary impedance of around 
5000 ohms should be used. If these cannot be identified, the most suitable 
load can be determined by experiment. Connect the common lead (usually 
black) to the low side, as shown in the diagram, and then test the others in- 
dividually for best quality modulation. 

If you are interested in specific details of a modulator unit a suitable one 
was described, complete with power supply, in QST for December, 1955, page 
26. This modulator was capable of handling transmitters running up to 50 
watts input, and it included its own power supply. 


Solving the Power Supply Problem 


As with the modulator, power supplies are usually built as long-term in- 
vestments. For this reason it is seldom advisable to build power supplies and 
speech equipment as integral parts of a transmitter. Power supplies of various 
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kinds are always useful, and you will find that any separate units you build 
now can be adapted to other purposes later on. 

The power supply requirements for the 50- or 144-Mc. transmitters can 
be filled in several ways. You may select one method or another, depending 
on what you may have available in the way of power equipment. One power 
supply can be built to run the whole station, but this is not necessarily the most 
desirable or economical solution. You may find it less expensive to build sepa- 


FOR ANT. RELAY 


Fig. 46 — Suggested power supply for the v.h.f. transmitter and modulator. Pro- 
vision is made for two power leyels. Pilot lamps and antenna-relay control are also 
included. Transformer and chokes may be inexpensive TV replacement components. 
C;, C:, C; — 8-uf. 450-velt electrolytic. May be 3 units in one can or package. 

R,; — 50,000 ohms 10 watts. 

L,, L, — 1.5 hy. or more, 200 ma. (Merit C-2994 or Knight 61G406). 

I, — 6.3-volt pilot lamp assembly, green or amber jewel. 

I, — 6.3 volt pilot lamp assembly, red jewel. 

J: — 4-pin female chassis fitting (Amphenol 78-RS4). 

J. -- 115-volt male chassis fitting (Amphenol 61-M1). 

J; — 115-volt female chassis fitting (Amphenol 61-F1). 

S:, Se, S: — Toggle switch. 

T, — For choke-input supply (Omit C, and §;) 750 to 800 volts a.c., center-tapped, 200 
ma., 5 volts 3 amp., 6.3 volts, any rating (Merit P-2954 or P-2955 or Knight 
61G414). 

For choke- or capacitor-input supply: same, except 550 to 600 volts, center-tapped, 
200 ma. (Merit P-3076 or 3077). 

T. — 6.3 volts 2.7 amp. or more. 


rate power units for the r.f. section and the modulator. Either way, the dia- 
gram shown can be adapted to your purposes; you merely vary the components 
to fit your conditions. 


Using One Supply 


If one supply is to handle both the r.f. section and the modulator it should 
be capable of delivering 300 volts d.c. at nearly 200 ma. The drain will be 
slightly less for the 50-Me. r.f. unit than for the 144-Me. one. Such a supply 
is shown in Fig. 46. A choice of capacitor-input (switch S3 closed) or choke- 
input (S3 open) filter provides a degree of flexibility as to output voltage. 
Transformers and filter chokes designed for TV receiver replacement use make 
fairly economical supplies for this power range. 

With transformers that deliver 750 to 800 volts a.c. center-tapped, across 
the high-voltage winding, use of a choke-input filter (switch open) will give 
about 300 volts d.c. at 200 ma. through the rectifier and filter system. If the 
high-voltage winding delivers 550 to 600 volts a.c. center-tapped, the capacitor- 
input filter (switch closed) will be required for a d.c. output voltage of 300. With 
the latter type of transformer the switch provides a convenient arrange- 
ment for reducing power for tuning-up purposes. Opening it will drop the volt- 
age, under load, to 250 or less. 
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Separate Supplies 


If separate supplies are used for the modulator and r.f. unit, inexpensive 
components designed for broadcast-receiver replacement purposes can be used. 
The voltage ratings of the transformers will be similar to the single supply, 
but they need deliver only about 100 ma. each. A smaller rectifier tube (65Y3GT) 
can replace the 5U4G recommendéd for the larger supply. 

The primaries of the two transformers can be brought out to a single control 
switch, so that both will come on when the switch is thrown to the “on” 
(transmit) position. 


Cabling and Controls 


One of the more baffling problems for the beginner seems to be how to 
hook up his equipment so that he can switch from receiving to transmitting in 
one simple operation. One way of doing this is shown in our power supply dia- 
gram, Fig. 46. Operation of the transmitter and switching of the antenna are 
controlled by a single toggle switch, So. 

This involves the use of a separate transformer for energizing the heaters 
of the modulator and the r.f. unit. It is turned on by closing S;. When the tubes 
have warmed up, plate voltage may be applied by closing S2. This applies 


R.F. UNIT, 50 MC. R.F. UNIT, 144 MC. 


I: Chassis 5: Amp. grid I: Chassis 5: Amp. grid 
2:Heaters 6:Amp. cathode 2:Heaters 6: Blank 


3:0sc. plate 7.Amp. Screen 3:0sc. & trplr. pl. 7T:Amp. screen 
4'DbIr. plate 8:Amp. plate 4'Dbir. plate 8. Amp. plate 


I: Chassis I: Chassis 
2: Heaters 2.6.3 V 
3: + 300 V 3: +300 V 
4'+ 300V (Mod) 


Outlet for Ant. relay 


To IIS V.A.C. fine 


MODULATOR POWER SUPPLY 


Fig. 47 — Cabling diagram for the v.h.f. transmitters, modulator and power supply. 
Metering is arranged so that the final stage grid and plate currents are metered for 
either transmitter. Keying shown is for the 50-Me. transmitter only, though leaving 
the key in the circuit will have no effect on the operation of the 144-Me. unit. 

P, — 4-pin male cable fitting (Amphenol 86-PM4). 
P, — 4-pin female cable fitting (Amphenol 78-PF4). 
P; — 8-pin female cable fitting (Amphenol 78-PF§8). 

Cable can be 3-wire with shield cover, using the shield for the ground connections 
to Pin 1. Wire to Pin 2 should be heavy, or two wires of a 4-wire cable can be connected 
in parallel. 


104 


voltage to the plates and filament of the rectifier tube simultaneously, resulting 
in a slight delay in the development of full d.c. voltage out of the rectifier. 
This delay is not enough to interfere with normal station operation, but it can 
be eliminated, if the builder wishes, by using a separate 5-volt transformer for 
energizing the rectifier filament. 

V.h.f. operation practically requires that the same antenna system be used 
for both transmitting and receiving, so provision is made for operation of an 
antenna relay. The relay coil is connected in parallel with the primary of the 
plate transformer, so it is energized when Sz is closed. 

Pilot lights, while not a necessity, are a considerable aid in the operation 
of the station. A red warning light, 2, can be operated from the unused 6.3-volt 
winding on the power transformer, to show when the power supply is on. A 
green or amber ‘“‘heaters-on”’ light, 7;, can be wired across the secondary of the 
6.3-volt transformer that runs the transmitter heaters. It will help to keep you 
from going off and leaving the heaters running on your rig. 

If it should turn out that you want to install your power supply at some 
point where it will not be handy for operating the control switches, a.c. re- 
ceptacles can be installed on the power supply chassis in place of the switches. 
A.c. lines can then be run from these receptacles to the operating position, 
where the switches can be installed to suit your fancy. 

The cabling system is shown in Fig. 47. With each unit of the station 
made with detachable power connectors, changes can be made readily without 
interfering with other units in the system. Also, additional units can be added 
at any time. The power supply and modulator can be used to run equipment 
for other bands, for instance, by equipping additional r-f. equa a with 
similar power receptacles. 


Antennas 


A complete discussion of antenna systems for v.h.f. use is beyond the scope 
of this book. An important point to keep in mind in planning a v.h.f. station is 
that the antenna should be as large and as high as your finances and construc- 
tion ability will permit. The best equipment available will give only mediocre 
coverage on 50 or 144 Mc. unless it is hitched to a good antenna. 

Almost all work on the v.h.f. bands is done with rotatable directional ar- 
rays, usually equipped with rotators designed for the TV trade. The possibili- 
ties of various hand-operated rotating devices should not be overlooked, how- 
ever, as they are usually inexpensive, and trouble-free in operation. Cutting 
down or otherwise modifying commercially-available TV antennas is often a 
simple and inexpensive way of building a v.h.f. array for amateur use. TV 
arrays designed for Channel 6, for example, can usually be modified for opera- 
tion on 144 Me. with a minimum of effort. Channel 2 antennas need only a slight 
lengthening of the elements (easily done with metal inserts) to make them work 
on 50 Me. 

Even a relatively-simple array can be made to do a good job on 50 or 144 
Me. if it is well up in the clear. Indoor antennas, while quite satisfactory for 
local work, will not, in most cases, be sufficiently high or free from the screening 
effect of trees, wires and other buildings to give good coverage. Antennas for 
lower frequencies can be made to work on 50 or 144 Me. in a pinch, but they 
usually do not give as good results as arrays designed for the bands in question. 

There are several different types of antenna systems that can be used in 
v.h.f. work. A discussion of these, and practical suggestions for their construc- 
tion and adjustment, can be found in any recent edition of the Radio Amateur’s 
Handbook or the ARRL Antenna Book. 
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The Final Steps 


And now it’s time to clean up the final odds and ends and become a radio 
amateur. Let’s tackle these items briefly, one by one. Patience, OM or YL! 
You’re on the final steps! 


Learning the Code 


Learning the code can be a lot of fun, and it’s really easy if you approach 
it properly — that is, think of it in terms of sound. If you think of ‘dots 
and dashes’’ you add an extra step, a useless one, to the process of learning. 
The International Morse Code is a language in itself, with only two basic 
sounds — a short, staccato sound, the “‘dit,”’ and a longer, drawn-out sound, 
‘‘dah.’’ All the letters, numbers and punctuation marks in the code are made 
~ up of combinations of these sounds. 

To learn correct spacing, and the relationship between the short and long 
sounds, practice by speaking a series of dits — didididididididit — and then a 
string of dahs, smooth and steady, with the smallest of spaces between them. 
Switch back and forth a few times. You should get four dits in the time taken 
by one dah and the space which follows it. 

Learn the code a few letters at a time, from the chart. It’s best to take 
the letters at random, such as E, T, A, R, I, 8, N, M, O, H, D, and so forth, 
rather than straight down the list. It will go a lot faster if you have someone 
working with you. With the little code-practice oscillator shown here, you can 
take turns sending and copying. 

In any case, when you know the alphabet, or even part of it, you should 
try copying signals you hear on your receiver. Regular code practice 1s trans- 
mitted every night by W1AW, the ARRL headquarters station, and at frequent 
intervals by other amateur stations. Send a stamped, self-addressed envelope 
to the American Radio Relay League, West Hartford 7, Conn., for an up-to- 
date schedule of times and frequencies of the various sessions. 

Many other hints for learning the code, including groupings of letters for 
easy learning, practice words and sentences, group instruction, and valuable 
tips on rhythm in sending can be found in another booklet published by ARRL, 
“Learning the Radiotelegraph Code.” It sells for fifty cents, and can be pur- 
chased at your local radio-parts store, or by mail directly from ARRL head- 
quarters. 

The code-practice set shown on the next page uses a transistor in place of a 
vacuum tube, and is powered by two penlite batteries. The parts will cost 
about three dollars, not including the key and headphones. (These, of course, 
can be the ones you’ll use with your receiver and transmitter.) The only tools 
needed to complete the unit are a soldering iron, screwdriver, and a pocket 
knife. 

The photographs and figure 49 show all the necessary wiring details quite 
clearly. All components are mounted on a4 X 4 X 1-inch piece of wood, wood 
screws being used to secure most of them to the chassis. 
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Fig. 48 
PARTS LIST 


; 
: 
6 Fahnestock clips 
6 Solder lugs 
10 No. 6 wood screws, 34-inch 
2 Two-terminal standard tie points | 
1 CK722 transistor 
1 0.5-yf. paper capacitor ; 
1 Universal-type replacement output trans- 
former (Merit A-2900 or Knight 62G023) 
2 1.5-volt penlite cells § 
About two feet of hookup wire 
Ileadphones, high-impedance type, 2000 
ohms or more 


Fig. 49 — Circuit diagram 
of the transistor code-prac- Key 
tice oscillator. Chassis, 4 X 4 X l-inch piece of soft wood 


The penlite cells are held in place by two Fahnestock clips and a standard 
two-terminal tie point. The spacing between the clips and the tie point should | 
be just enough to allow the springiness of the clips to hold the batteries in place. 

Special care should be taken when soldering the transistor leads to the 1 
terminal tie points, since excessive heat reaching the transistor through the 
leads is likely to damage it. This can be avoided by using a pair of long-nose 
pliers to hold the transistor lead being soldered, close to the body of the tran- 
sistor. 
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The type of wire used for the unit is not important, but if it is an enameled 
wire, the ends should be scraped clean before soldering. When soldering a con- 
nection, hold the tip of the iron to the joint until the joint is hot enough to 
melt the solder. The solder should be held on the joint, not on the iron. 


Fig. 50 — This 
view shows the oscil- 
lator ready for use. 
Note how the bat- 
teries are held by the 
Fahnestock clips 
and the _ tie-point 
terminals. The bot- 
tons (outside of can 
or negative side) of 
the cells contact the 
Fahnstock clips. 


didah 
dahdididit 
dahdidahdit 
dahdidit 

dit 
dididahdit 
dahdahdit 
didididit 
didit 
didahdahdah 
dahdidah 
didahdidit 
dahdah 
dahdit 
dahdahdah 
didahdahdit 
dahdahdidah 
didahdit 
dididit 

dah 

dididah 
didididah 
didahdah 
dahdididah 
dahdidahdah 
dahdahdidit 
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The International Morse Code 


didahdahdahdah 
dididahdahdah 
didididahdah 
dididididah 
dididididit 
dahdidididit 
dahdahdididit 
dahdahdahdidit 
dahdahdahdahdit 
dahdahdahdahdah * 


Period didahdidahdidah 

Comma  dahdahdididahdah 
Question Mark  dididahdahdidit 
Error didididididididit 

Double dash (BT) dahdidididah 
Wait (AS)  didahdididit 

End of message didahdidahdit 
Invitation to transmit dahdidah 
End of work (SK) didididahdidah 
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* The numeral zero is usually written @ to distinguish it from the capital O. 
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Licenses 


As we have said before, you must have a government license before you 
can go on the air with your transmitter. The amateur license is really two 
licenses in one: one for the station, the other a personal amateur operator li- 
cense. Both are required by law, and are issued by the Federal Communica- 
tions Commission. The operator license requires some study of elementary 
theory and the U.S. radio laws and regulations as they apply to amateur sta- 
tions. This knowledge is not difficult to acquire, however, and if you start to 
study at about the same time you start construction of the station, you should 
be adequately prepared by the time the station is finished. 

At this point we may say that only citizens of the United States are eligible 
for either station or operator licenses. In addition, a station license will not be 
issued, even to a citizen, if the transmitter is to be located on property which is 
controlled by an alien. 

The station portion of the license is your station’s official ‘“‘registration”’; 
it licenses your transmitter for operation in the amateur bands and designates 
the call to be used. It is issued after filling out a form provided for the purpose 
— no examination is given in connection with it. However, station authoriza- 
tions are issued only to persons who also qualify for operator licenses. Actually, 
both operator and station authorizations are combined in a single card license. 
The operator portion of the license is your personal authorization to operate 
an amateur station — not only your own station but any amateur station 
within the privileges of both operator and station license. 

There are at present six classes of amateur licenses — Amateur Extra, 
Advanced, General, Conditional, Novice and Technician. Advanced and Extra 
Class are licenses which are related to special experience requirements and sep- 
arate examinations, so you as a newcomer will not now be interested. 

General Class is the “‘standard”’ amateur license. It conveys all amateur 
privileges. Conditional Class authorizes the same privileges, except that it is 
issued to persons who take the examination by mail whereas General Class is 
issued to those who take the examination before an FCC representative. Per- 
sons living more than 75 miles airline from one of the basic examining centers 
designated by FCC* are permitted to take the examination by mail and have 
the code test given them, under oath, by an already-licensed operator. For 
either license, you must pass an examination including a code test at 13 words 
per minute and a written test on radio fundamentals (basic theory and practice) 
and regulations governing amateur operation. There are about 50 questions; 
approximately two-thirds are on technical subjects, while the remainder con- 
cern themselves with the United States radio laws and the amateur regulations. 
These licenses run for five-year terms and may be renewed upon showing of 
amateur activity. 

The Technician Class license requires the standard written examination 
but a code test of only 5 w.p.m. It authorizes operation only in 50-54 Mc., 
145-147 Mc. and above 220 Me. It is available only by the mail procedure 
mentioned above for the Conditional Class license, and is not given at FCC offices. 

The Novice Class is the simplest stepping-stone to amateur radio and will 
therefore be of primary interest to you. It requires the slower code test of 5 
w.p.m., and only a very simple written quiz. At the same time it conveys re- 
stricted privileges: use of c.w. (code) only in 3700-3750 ke., 7150-7200 ke., 
21,100-21,250 ke., and code or voice on 145 to 147 Mc. Maximum power per- 
mitted is 75 watts, and the frequency must be crystal-controlled. Provided you 
select a crystal in the range 3700-3750 ke., or 7150-7200 ke., therefore, the 


* See the License Manual for the latest list. 
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simple transmitter described earlier in this booklet will be ideal for opera- 
tion as a Novice. And the 145-Me. gear described is similarly ideal for a Novice 
who wishes to use that band as a starter. The Novice Class is therefore an excel- 
lent means of entry into amateur radio, since it has a very minimum of re- 
quirements and vet adequate privileges for you to sample the various kinds of 
activities that take place in the amateur bands. The Novice examination, like 
that for Technician, is available only through the mail procedure, no matter 
where the applicant lives. 

However, the Novice Class license will be good for only one year and may 
not be renewed. It is designed primarily to give newcomers to amateur radio a 
chance to learn by practising, and the idea is that inside of one year of activity 
on the air you should easily bring your code speed up to the point where you 
can pass the regular examination and become a full-fledged amateur with rights 
to use the other amateur bands. So, if you aim for the Novice Class as a start, 
remember it’s only a stepping stone, and keep in mind that you’ll want to work 
toward the General Class (or Conditional Class, if you live more than 75 miles 
from an examining point) as soon as you get on the air as a Novice. 

Although the examination deals with elementary radio, it is necessary to 
engage in some study for it. If you will carry out this study in conjunction 
with the constructing of your apparatus, you will find that your reading helps 
you to understand the operation of your sets and your construction of the 
equipment helps you to absorb the new knowledge. You are going to obtain 
an immense amount of enjoyment from amateur radio; it is well worth learning 
about. In the first place, if you do not possess a fair knowledge of elementary 
electricity, such as is taught in a high school physics course, we suggest that 
you obtain from your local library a good elementary electrical textbook. 
That is the groundwork for all radio theory. Then you should study the 
‘Fundamentals’? chapter of this booklet, which deals with radio itself in 
equally simple fashion, explaining elementary radio theory and the functioning 
of simple practical apparatus. We also would recommend that you obtain 
a copy of The Radio Amateur’s Handbook, an American Radio Relay League 
publication which is a complete manual of amateur electrical and radio theory, 
construction and operation. While you will eventually find a personal copy of 
this book indispensable, you will probably be able to borrow a copy or find it at 
your local public library. In the U.S. A., it may be obtained at a local radio 
distributor’s store or from the League for $3.50, postpaid. 

We also earnestly suggest that before going up for your test you obtain a 
copy of The Radio Amateur’s License Manual. This booklet explains in detail 
the procedure in applying for licenses, lists many questions similar to those 
that will be asked in the examination and gives their correct answers, and in- 
cludes the full text of the amateur regulations and pertinent portions of the 
radio law. The Handbook may be borrowed, but you should purchase a copy of 
the License Manual, for it is really indispensable to the new applicant. We very 
much wish that it were possible to publish the contents of that booklet in this 
one, but it is of almost equal size and it is not economically practicable to do 
so. The current License Manual may be obtained at a local radio distributor’s 
store or from the ARRL at West Hartford 7, Conn., for 50¢. 

Practice sending, too, on your code oscillator, for in your code test you 
have to demonstrate ability both to send and receive. 

Learn to make the characters evenly and distinctly. Don’t try to send fast. 
It is a good idea to keep your sending speed on a level with your receiving 
speed. 


110 ARRANGING 
Arranging the Station 


It is helpful to arrange the station neatly and to keep paper, pencils, the 
log book, ete., where they are always handy. Furthermore, it is as easy to 
make a shipshape job of the station as to have it look ‘“‘haywire.’”’ You do not 
want to have to apologize for the appearance of your equipment. 

The operating table should be as roomy as space permits. Place the re- 
ceiver at a distance back from the front edge that will permit you to operate 
it with comfort. The transmitter, which requires readjustment only when you 
change frequency, may be placed farther back on the table if desired. It is 
advisable to space the receiving and transmitting units at least a foot apart. 
Place the key in the position where it can be handled most comfortably. 

If cables are provided for the power supplies, power units may be placed 
on a Shelf or on the floor under the table. Make sure, however, that they are 
not within easy reach of your feet. 


Here is a neat layout of a low-powered amateur station. The controls for both re- 
ceiver and transmitter can be reached without stretching; there is a space provided 
under the transmitter for the log book, message blanks, paper and pencils; and the 
keys are far enough back so that the arm can rest comfortably on the table. All the 
wiring is out of sight behind the table. 


Since the antenna feed-line wires probably will be brought in at the window 
as a convenience, place the table as close to the window as conditions permit. 
While the 300-ohm line for the v.h.f. antenna may simply be brought directly 
in under or over a window sash, the simplest way of bringing an open feed 
line in to the transmitter is through medium-size feed-through insulators set 
in a strip of wood. This strip should be a couple of inches wide and only slightly 
shorter than the width of the window sash, so that it may be slipped in place 
in the window frame, either over the top sash or under the bottom sash. When 
the window is closed against the strip, there will be only a shght overlap of 
the sashes at the center. 

When you have the board in place, cut enough wire off the feed line to 
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reach from the transmitter output terminals to the inside terminals of the 
feed-through insulators. Then attach the feed line itself to the outside terminals 
of the insulators. (The feed-line lengths shown in the table include the wire 
inside the station.) 

When operating at the lower frequencies, it is common practice to use a 
separate antenna for receiving, not only because it is more convenient but also 
because it will permit you to change back and forth between transmitting and 
receiving with a minimum loss of time. You can start transmitting immediately 
after the station you are working signs off, without the need to throw switches. 
Good results can be expected with a single wire anywhere between 25 and 150 
feet long, indoors or outside. The longer outside antenna may give somewhat 
better results (see page 53), but you should hear plenty of strong signals on a 
wire running around the picture molding, or even laid across the floor if a better 
antenna isn’t possible. If the separate antenna is put up outside, it should be 
placed as far away from the transmitting antenna as practicable and run as 
near at right angles to the transmitting antenna as possible. 

The 80- and 40-meter transmitting antenna will, of course, make an ex- 
cellent receiving antenna. To use the antenna for both purposes, it will be 
necessary to provide a switch. An ordinary porcelain-base double-pole double- 
throw knife switch is suitable. The feed-line wires are brought to the two 
central terminals of the switch instead of to the transmitter. One pair of end 
terminals should be wired to the receiver input terminals, while the other end 
terminals connect to the transmitter output terminals. 

If a grounded Marconi-type antenna system is used for 80- and 40-meter 
work, the ground wire should run as directly as possible to a water pipe. Special 
clamps for connecting to water pipes are available. With a grounded antenna, 
only the single wire need be switched for receiving. 

A properly grounded antenna should not constitute a lightning hazard. 
Fig. 51 shows a simple system for grounding the antenna when it is not in 
use. The length of feedline between the switch 
and the transmitter should be included in the TO ANT. 
length B mentioned in the earlier section discuss- 
ing the antenna. The switch should be mounted 
close to the point where the feedline enters the 
station. If the feedline is brought in through a 
window, the window sill is a good spot for the 
switch. The ground wire should run directly 
downward in a straight line to the grounding rod. 


> 


Fig. 51— A simple system for grounding 
the antenna for lightning protection. S, is 
a d.p.d.t. porcelain knife switch. 


TO TRANS. 
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Getting On the Air 


And now, after you have built your receiver and transmitter and put. them 
in operating condition, have obtained your licenses, and have learned some- 
thing of the customs and practices of operating, you are ready to take your 
final step — the step for which you have worked through all these weeks — 
your first actual operation on the air as an amateur. 

You sit down some evening before your receiver and light up the tubes. 
Tuning in on the 3700-ke. band, let us say, you hear some station (not too far 
away!) sending a “CQ” and finally signing his own call. You turn on your 
transmitter, and call that station — just a bit shakily, no doubt. After making 
a reasonably long call, you sign off and listen for him again. Perhaps he does 
not come back. Too bad! — but don’t be discouraged. While it has happened 
that amateurs have worked the first station they ever called, this experience is 
not the rule. Try again. Perhaps you will still fail to “‘connect,” and you may 
call all that evening without working anybody. 

But you keep on trying the next night, and soon there comes a time when 
you enjoy that never-to-be-forgotten thrill of hearing the other fellow call your 
station. And then you talk with him, learn where he is, and hear him tell you 
how good your signal is at his ‘‘shack”’ and perhaps make a schedule to call him 
again the next night for another talk. So you start to learn the thrill and pleasure 
that come from talking to another fellow-being hundreds (even thousands) of 
miles away, from the privacy of your own home, and with apparatus that you 
have constructed with your own hands. It is a thrill that never wears off. 

Oh yes — don’t forget to keep a log of your station operation. For one 
thing, the United States amateur regulations require you to do this, but aside 
from that every worthwhile amateur keeps a neat log as a matter of pride. 
Your log should record all calls made by the transmitter, calls of station 
worked, time, frequency band and power of your transmitter, and the name of 
the operator. 

You are now a full-fledged amateur, and ready to take your place in the 
amateur ranks. Do not try to hurry matters in building your station or operat- 
ing it. Be a gentleman on the air and don’t be afraid to admit that you are a 


beginner. If someone sends too fast for you, tell him so — don’t give some lame - 


excuse such as ‘“QRM” or ““QRN” for having missed some of his remarks. A 
genial request to send slower will practically always get the desired result, and 
those you are working will think more of you for it. 

The American Radio Relay League, at West Hartford 7, Conn., which 
publishes this pamphlet, is a society of and for amateurs, and it will be more 
than glad to help you out with your problems. It may be that, later, you will 
wish to become a member of the League. Most active amateurs are members. 
Station ownership is not necessary to membership — you have only to be inter- 
ested in amateur radio. Dues are $5.00 a year, $5.25 in Canada (foreign $6.00) 
and include a year’s subscription to the monthly magazine QS7’, often referred 
to as the ‘‘amateur’s bible.”” Every amateur reads QST7T; each month’s issue is 
filled with information on the latest types of receivers and transmitters, and 
news from all over the country. If you cannot obtain it from your newsstand, a 
sample copy may be obtained for 50 cents from the ARRL. We also invite you 
to send for a copy of our free booklet ‘Operating an Amateur Radio Station.”’ 
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THE 
AMATEUR’S 
CODE 


e ONE e 


The Amateur is Gentlemanly ...He never knowingly 
uses the air for his own amusement in such a way as to lessen 
the pleasure of others. He abides by the pledges given by 
the ARRL in his behalf to the public and the Government. 


e TWO e 


The Amateur is Loyal ...He owes his amateur radio to 
the American Radio Relay League, and he offers it his 
unswerving loyalty. 


e THREE e 


The Amateur is Progressive ...He keeps his station 
abreast of science. It is built well and efficiently. His oper- 
ating practice is clean and regular. 


e FOUR e 


The Amateur is Friendly ...Slow and patient sending 
when requested, friendly advice and counsel to the be- 
ginner, kindly assistance and cooperation for the broad- 
cast listener; these are marks of the amateur spirit. 


e FIVE e 


The Amateur is Balanced... Radio is his hobby. He 
never allows it to interfere with any of the duties he owes 
to his home, his job, his school, or his community. 


e SIX e 


The Amateur is Patriotic ... His knowledge and his sta- 
tion are always ready for the service of his country and 


his community. | 
— Paul M. Segal 
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Switch to Safety! 


Do have one main power switch, plainly labeled. 


Do show your family how to cut off the power. 

Do teach your family how to give artificial respiration. 
Do keep one hand in your pocket while you're working. 
Do kill all power before reaching inside rig. 


Do enclose everything possible — for safety’s sake. 


Do use a common ground for all metal enclosures. 
DON’T run antennas or feedlines over or under power lines. ‘ 
DON’T troubleshoot when you’re tired. 


DON’T let anyone else switch the power while you’re working. 


DON’T wear phones while working on equipment. 


DON’T adjust variable links by hand. 
DON’T pull test ares from transmitter circuits. 


Even low-voltage electricity can be fatal — it’s the current that. 
kills. 


DON’T lean on radiators or enclosures while troubleshooting. ‘ 


SWITCH TO SAFETY! & 


— 
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‘SX-111 Receiver $249.50. Here’s a CW/ 
|AM /SSB receiver with the essential perform- 
ance characteristics of the renowned SX-101 
|... ata price that can put it in your shack 
tomorrow. CW/AM/SSB reception; com- 
plete coverage: 80, 40, 20, 15 and 10 meters 
‘in 5 separate bands, 6th band tunable to 
10 Me. for WWV. Upper/lower sideband 
‘selection; sensitivity: 1 microvolt on all 
bands; 5 steps of selectivity: 500 to 5000 


cycles. Dual conversion, crystal controlled 
2nd converter, famous Tee-Notch filter, 
built-in crystal calibrator. 


Export Sales: International Division 
Raytheon Mfg. Co., Waltham, Mass. 
| Canada: Gould Sales Co., Montreal, P.Q. 


the new ideas in communications are born a 


NEW CLASS 


HQUIPMENT 


The engineering team that developed the incomparable SX-101 and HT-32 now 
offers a precision rig that puts Single Sideband within reach of all. 


HT-37 Transmitter $450.00. A precision- 
engineered CW/AM/SSB transmitter with 
the same power, rugged construction and 
smooth, distinctive speech quality of its big 
brother, the famous HT-32. VFO employs 
double reduction dise drive, fixed T.C. Side- 
band suppression 40 db. at 1000 CPS. Power 
rating: 70-100 watts P.E.P. output CW or 
SSB. 17-25 watts carrier on AM phone. Two 
6146’s in the final. 8rd and 5th order distor- 
tion products down 80 db. Instant CW CAL 
signal from any transmission mode. 


hallicrafters 


Chicago 24, Illinois 
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WHERE TIME AND DEPENDABILITY | 
COUNT IN COMMUNICATIONS 


INTERNATIONAL’S “ONE DAY CRYSTAL PROCESSING 
SERVICE AVAILABLE WORLD WIDE 


AMATEURS e EXPERIMENTERS e COMMERCIAL 


AMATEUR CRYSTALS (FA-5, FA-9 spot frequencies 1000 KC to 
137 MC .01% Tolerance. 


Wire mounted, plated crystals for use by amateurs and ex- — 
perimenters, where tolerances of .01% are permissible and wide- 
range temperatures are not encountered. 


Designed to operate into a load capacitance of 32 mmf on the é 
fundamental between 1000 KC and 15 MC. Designed to operate — 
anti-resonance on 3rd overtone modes into grid circuit without © 
additional capacitance load. Fifth overtone crystals and seventh © 
overtone crystals are designed to operate at series resonance. ~ 
(Write for recommended circuits.) 5; 


Custom made COMMERCIAL CRYSTALS 70 KC to 100 MC 


Wire mounted, plated crystals, for use in commercial equip- 
ment (Type F-6) where close tolerances must be observed. All — 
units are calibrated for the specific load presented by equipment. — 


Circuit: As specified by customer. Crystals are available for ~ 
all major two-way equipment and in most cases the necessary corre- ~ 
lation data is on file. i 


Prices on request. 


How To Order: For fastest service, our crystals are sold direct. 
Terms F.O.B. Oklahoma City. 


*One Day Processing . . . Orders for less than five crystals will be — 
processed and shipped in one day. Orders received on Monday — 
through Thursday will be shipped the day following. Orders — 
received on Friday will be shipped the following Monday. 


18 NORTH LEE e OKLAHOMA CITY, 


QW in ony minutes CONVERT YOUR CAR RADIO 
ror SHORT WAVE RECEPTION wit « MOBILETTE 


International’s NEW all transistor, Crystal Controlled Converter. 


e Easy to Install. oe Works on 6 or 12 volts without change. 
@ Power connector plugs into cigarette lighter socket. (No external 
power supply needed.) 

Designed by International for Amateurs, Citizens Licensees, 
Short Wave Listeners, Hobbyist. 

Available in Seven frequency ranges covering the Amateur 
bands, 75 through 10 meters, the Citizens band, and WWV Na- 
tional Bureau of Standards Time Broadcasts. 

Three simple steps to install (1) Remove antenna lead from 
car radio and plug into input of Mobilette. (2) Plug jumper wire 
from Mobilette into antenna connection of car radio. (3) Plug 
power connector into cigarette lighter socket. 


International Mobilettes cover these short wave bands. 


Catalog No. Frequency Catalog No. Frequency 

6202-105. e 75 meters (Amateur) 680102. =. ee 15 meters (Amateur) 
680 = L0G <2 ee. 40 meters (Amateur) 630-101... 11 meters (Citizens) 
630 - 106 10 MC (WWV Time) 630) 2100 i Sos ie 10 meters (Amateur) 


20 meters (Amateur) 28.5 - 29.5 MC 


Complete, ready to 
plug in and operate 
. only $19.95 


Order direct from International. Terms F. O. B. 
Okla. City. Include postage. Shipping weight 2 Ibs. 


Send for FREE Catalog covering International’s 
complete line of Crystals and Equipment. 


When you plan a new rig and need the parts, or if you wish to buy 
the latest factory-built job, you can be sure that HARVEY has it... 
in stock... for immediate delivery. Through a pin-pointed inven- 
tory control system, HARVEY sends your order on its way within a 
few hours after it’s received ... whether you phone, order by mail, 
or take it with you when you drop into the store, just off Times 
Square. You can depend on HARVEY that you receive exactly what 
you ordered, and that it will function and perform to your com- 


aid plete satisfaction. 


; e 5 hams PLUS reliable service PLUS complete stock 
it up wf PLUS immediate delivery 
and the very latest ham products on the shelf immediately after 


their release from the manufacturer and you'll find HARVEY’S is 
the place for every ham need. 


center: YOUR EQUIPMENT AIR TESTED AND 
ve New HAM RA eat CHECKED BEFORE SHIPMENT IF 
vist Hest and best ay. YOU REQUEST IT. 
e gs on 
is al 


HARVEY Gb sumone 


103 WEST 43rd STREET, NEW YORK 36, N.Y.- JU 2-1900 
Known The World Over As A Reliable Source For Ham Equipment 


COLLINS §, LN 


/ 
! 


Finely finished in blue-gray 
tones, Collins S/Line_ gives 
your ham shack the most mod- 
ern and distinctive decor. Con- 
trols and meters on the panels 
of Collins S/Line provide you 
with maximum operating con- 
venience and efficiency. But. 


exterior styling is only a frac- 


tion of Collins advanced de- 
sign. It goes deeper. Inside 
each unit of the Collins S/Line 
you'll find the latest circuitry, 
the careful craftsmanship and 
quality components that make 
Collins S/Line truly a system- 
engineered single sideband ra- 
dio station. 


From microphone to anten- 
na, Collins S/Line operates as 
an integrated high powered 
SSB ham station. With Collins 
75S-1 Receiver you get SSB, 
CW and AM reception on all 
amateur bands between 3.5 
and 29.7 mc. The 75S-1 can 
cover the entire HF spectrum 
between 3.5 and 29.7 mc by 
selecting the appropriate HF 
beating crystal. 

The 32S-1 Transmitter, with 
an input of 175 watts P.E.P. 
on SSB and 160 watts on CW 
gives you strong, clear signals. 

Add the 30S-1 Linear Am- 
plifier and you can operate at 


WiheTre Deakin IS 
more than skin deep 


the full legal limit on SSB, 
and 1 kw on CW. Front panel 
switching on the 308-1 lets 
you operate on two SSB power 
levels; 100 watts from the ex- 
citer alone, or the 1 kw meter 
average input for SSB. 

Collins 312B-4 Speaker Con- 
sole integrates the Transmit- 
ter, Receiver, Linear Amplifier 
and other accessories into one 
complete operating unit. 

Visit your Collins Distribu- 
tor and give the S/Line your 
own thorough inside-and-out 
investigation. See for yourself, 
why, when it’s Collins S/Line, 
beauty is more than skin deep. 
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Ted Henry * 
6U0U 


Master Mobile 


i ransmitters Parts q} 


Butler 1, Misscor 


ORchard 9-3127 


Henry Wrt-l-l[leom-3 ea 


11240 West Olympic Blvd. A\Fim 
Los Angeles 64 Ph. GRanite 7-670] 


“World’s Largest Distributors eof Short Wave Receivers” 
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4-65A 


4-400A 


wie 


4E27A/5-125B 


4CX1000A 


4CX250B 


EIMAC FIRST... 


for all hand transmission 


4-65A Radial-Beam Power Tetrode 
Smallest of the Eimac internal-anode 
tetrodes, the 4-65A has a plate-dissipa- 
tion rating of 65 watts and is ideal for 
deluxe mobile as well as fixed-station 


service. 

CW AM SSB 
Pjate Voltage 3000v 2500v 3000v 
Driving Power 1.7w 2.6W 0 
Input Power 345w 275w 195w 


4-400A Radial-Beam Power Tetrode 
Ideal for high power amateur rigs, it 
will easily handle a kilowatt per tube in 
CW, AM or SSB application. Forced-air 
cooling is required. 

CW AM SSB 


Plate Voltage 3000v 3650v 4000v 
Driving Power 6w 4w 0 
Input Power 1000w 1000w 1000w 


4E27A /5-125B Radial-Beam Power 
Pentode 


The Eimac 4E27A/5-125B is intended for 
use as a modulator, oscillator or ampli- 
fier. The driving-power requirement is 
very low, and neutralization problems are 
simplified or eliminated entirely. 
CW AM 


SSB 
Plate Voltage 3000v 2500v 4000v 
Driving Power lw 2w 0 
Input Power 500w 380w 360w 


4CX1000A Ceramic Power Tetrode 


Specifically designed for SSB operation, 
the ceramic-metal 4CX1000A Class AB, 
linear-amplifier tube achieves maximum 
rated output power with zero grid iG 


Plate Voltage 3000v 
Driving Power 0 
Input Power 2700w 


4CX250B Ceramic Power Tetrode 


A compact, rugged tube unilaterally in- 
terchangeable in nearly all cases with 
the famous 4X150A, with the advantages 
of higher power and easier cooling. 

CW M SSB 


Plate Voltage 2000v 1500v 2000v 
Driving Power 2.8W 2.1W 0 
Input Power 500w 300w 500w 


4-125A Radial-Beam Power Tetrode 


The versatile tube that made screen grid 
transmitting tubes popular. This favorite 
for commercial, military and amateur use 
is radiation Sree 


AM SSB 
Plate Voltage 3000v 2500v 3000v 
Driving Power 2.5Ww 3.3w 0 
Input Power 500w 380w 315w 


4-250A Radial-Beam Power Tetrode 


A high power output tube with low 
driving requirements. A pair of Eimac 
4-250A’s easily handle a kilowatt input 
in AM, CW or SSB service. 

CW AM SSB 


Plate Voltage 3000v 3000v 4000v 
Driving Power 2.6w 3.2W 0 
Input Power 1035w 675w 660w 


ACX300A Ceramic Power Tetrode 


A new ceramic-metal high power tetrode 
designed for rugged service. Will with- 
stand heavy shock and vibration and 
operate with envelope temperatures to 
250° Centigrade. 

AM SSB 


Plate Voltage 2500v 1500v 2500v 
Driving Power 2.8W 2.1W 0 
Input Power 625w 300w  625w 


Information on these popular tubes for 
amateur applications is available from 


our Amateur Service Department. 


EITEL-McCULLOUGH, INC. 


CAL 


S AN CARLO S, 


The World’s Largest Manufacturer of Transmitting Tubes 


~ 


{FO R N 1A 


4CX300A 
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the House the Hama Built 


LEO I. MEYERSON, W@GFQ, SAYS: 


World Radio specializes in service and easy 

time ownership. You pay only 10% down with NOVICE 

small monthly payments while you're’ eperating ’ You PAY 
your new gear. 23 hams in our. organization ONLY 
are at your eall. Especially of interest is our TECHNICIAN 

Reconditioning Department manned by five trained 0 
technicians. Our reconditioned equipment operates 

as if it were direct from the factory, while 0 
saving you up to 50%. Listed below are just GENERAL 

a few of our current 1000 items in stock. Send DOWN 


for complete list. 


Hallicrafters 8-53A Receiver ........ $ 65.00 
National NC-98 Receiver ............ 95.00 “ BANDSWITCHING 10- 80M XMT TR. 
National NC-125 Receiver ............ 115.00 Novice 
National NC-300 Receiver... 209.00 GLOBE S90W 
Globe Scout 680-A Xmttr. .......... 69.95 CW 
Globe Chief 90-A Xmttr. ....c0--.-- 42.50 CHIEF 
Heath) (DXRSS) -XMttri pwc. cctessecerencctas 45.00 
DELUXE Built-in 
Ae - Power : 
thy New Mobiline Sin pods! “ 


Wired: $79.95 Kit: $59.95 
$800 $700 $600 $500 


down per mo. down per mo, 


BY GLOBE ELECTRONICS 


NATIONAL 
CONTINUOUS COVERAGE RECEIVER 


AM Broadcast 


Amateur 
HANDSOME 6-METER TRANSCEIVER Shortwave 
Compact for fixed or mobile, 115V AC, 5 Tubes 


12V or 6V DC, with power supply. 
7-tube receiver including RF Stage. 
Squelch control. Transmitter stage in- 
cludes internal VFO in extremely stable 
mounting. Handles 20 watts input. 
Class B Modulation, VFO or XTAL con- 
trol, ‘‘S’’ meter, slide rule dials. 


FOR PORTABLE OR FIXED STATION 
$22995 


Giant Call Area Wall Map 


Only $59.95 & ey —— ait 


$600 $500 
Ganka 6 down 5 per mo. 


Technician 
GLOBE 
SCOUT 

DELUXE 


BANDSWITCHING 80-6M XMTTR, 


90W CW 
75W AM 


Wired: 
$149.95 


28’'x36’’, multicolored 
Map for shack wall 


showing call areas, 
monitoring stations, General- $] 500 down $870 per mo. 
time zones and a Technician 


WAS Check List. 
Only 


$ .50 Postpaid 


Hallicrafters 


BC and 80 THRU 6M COVERAGE 


4 S/W Bands 
Covers 
540-1630 ke 


PRLS BAR 


FREORASOBES 


mm Ee 
HBRA 


WORLD RADIO LABORATORIES 


3415 W. BROADWAY © PHONE 32 81851 
COUNCIL BLUFFS, IOWA : 


LEO: ENCLOSED IS MY CHECK FOR 
1-Hy-Gain 6BD (80-6 doublet) Wodre-ccucssccet Stone 
100 ‘ft. Coax cable’ RG5S (Un tammnesesres cetera eee 
2-Coax plugs with reducers ......-.:scsscaressee 1.86 
1-Double coax connector DFK2 .....cessees sccoee «601. 45 
*I-Coax relay) 115° Vl "AG: 


PLEASE SEND MORE INFORMATION 


ON LySMCIF “mike ce suvterestecees 45 
1-Johnson - 114-310 iss) 2ioiktecestcsesceset ee 
SCREEN 1-Key plug = cc eurrreseserevcesevece 
Name: USE WITH CHIEF 
Address : KIT TELEPHONE 
OPERATION 


City & State: 
Mm Hm OO Oo 


Kit: $11.95 
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Nothing can quite compare with the seren- 
ity and peace of mind that is yours when 
you KNOW your signals are going out 
clear and strong and right on the kilocycle. 


Whether you're an old-timer or a novice, 
whether you have a kw outfit or a low- 
powered citizens’ band transceiver, you'll 
get longer distance, clearer reception, less 
drift, with PR Crystals. PR’s are the sure 
road to T9X. 


For accuracy, stability, activity and out- 
put, equip your rig now with PR Crystals, 
standard of excellence since 1934. 


ALL PR CRYSTALS ARE UNCONDITIONALLY 
GUARANTEED. ORDER FROM YOUR JOBBER. 


CITIZENS BAND CLASS “D” s 
Type Z-9R, Transmitter Bae 


FCC assigned frequencies in mega- 


AMATEUR TYPES 


eycies: 26.965, 26.975, 26.985, 
7 00p ee O15 2/.025, 27.035, 
P2055. 427,00), 27.075, 27.085, 
P70 s alo, 27.125, 27.135, 
eileee (10), 2/2175, 27.18), 
27.205, 27.215, 27.225; calibrated 
to .005%. (Be sure to specify manu- 
tacturer of equipment) _ $2,95 Net 


CITIZENS BAND CLASS “D” 
Type Z-9R, Receiver 
Specify I.F. frequency, also wheth- 
er receiver oscillator is above or 
below transmitter frequency. Cali- 
brated to .005%. (Be sure to speci- 

fy manufacturer of equipment.) 


$2.95 Net 
Type Z-1, MARS and CAP 


Official assigned frequencies in the 
range. Calibrated to .005%. 1600 
Pe eOU0UU eC $3.45 Net 


Type Z-6A, Frequency Standard 
To determine band-edge. To keep 
the VFO and receiver properly 
calibrated. 100 Ke.._..._.. $6.95 Net 


PETERSEN RADIO CO., Inc. 2800 W. Broadway 
COUNCIL 


EXPORT SALES: Royal National Corporation, 250 W. 57th Street, New York 19, N.Y., U.S.A. 


40 and 80 Meters, PR Type Z-2 

Rugged. Low drift, fundamental oscillators. High activity and 
power output, Stands up under maximum crystal currents. 
Staples lome-lastire =e =s00ecyclés4 2c. ne $2.95 Net 


2 and 6 Meters, PR Type Z-9A 

Third overtone; multiplies into either 2-meter or 6-meter band; 
hermetically sealed; calibrated 24000 to 24666, and 25000 to 
27 ODO RKC Siler I050 a pili Se. ace. ee $4.95 Net 


6 Meters, PR Type Z-9A 


Fifth overtone; for operating directly in 6-meter band; her- 
metically sealed; calibrated 50 to 54 Mc., +15 Kce.; .050” pins. 


$6.95 Net 
Type 2XP 
Suitable for converters, experimental, etc. Same holder dimen- 
srons as bype.Z=2. 
TOO0EO1 2000 KiceaCE nds) 5225 eK Geis eee Bees $3.45 Net 
12001to-25000 Ke: (3rd. Overtonée) == 10 Kes: $4.45 Net 


BLUFFS, IOWA ce 
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WITH THESE 


PP hit 4 | 
WLS! ans 


All overpayments refunded 


Ls, MEE ty Sess 


we aL 


MASTER MORSE CODE WITH 
THIS SENSATIONAL NEW B-A 
TRANSISTOR 
CODE PRACTICE 


OSCILLATOR KIT 


it 
A truly up-to-date ki 
ideally suited for radio 


amateur 

groups, etc.—anyone de- 

siring to learn sending 
f the Morse 


and receiving 0 
Code through actual 


practice. 


rcuitry, a strong clear 


: f the speci de oscil- 
Will provide, because fe) ed from vacuum tube co 
to that received wer 
ee sn So deal evore, -Reguiress rower pe Ores Py 
eter aly 2_penlight cella}nronel is considerabi (Won of thie J soaker 
‘th the popular British verslo ee 
ae comes $500 value, Raytheon CK722 transistor Mes such 
regularly Uses any high impedance mag previous elec- 


base and all parts. itd. no soldering, no 
as listed on opposite Page. Easy to build, le pictorial diagram that shows 


5 Dee Includes simp! 
tronic experience necessary. Wt. 1/4. Ibs. 
complete wiring and parts placement. 254 0 Lots: $3 99 
4.39 Each......--: a 


al transistor cl 


No. 29A250. 
(Less Headphones) . Each. ...---° 


LOW COST CODE LESSON RECORDS 


E> dot - RE; 
zy 7 owe SS UNBREAKABLE VINYLITE 
= “9h = \ Learn re International Morse 
ERE Code quickly, and easily. Con- 
siege ~SIStS Of 5 double-faced 10” 78 
R= RPM unbreakable discs in du- 
“s rable album. Progresses from 1 to 
-15 words a minute in 10 lessons. 
Play on any standard record 


| : 
No. 33A181. Per Set... pM. Q 5 


SUPERIOR 770A MULTI-METER | 
"EQll View’. meter features 712% more scale area assuring 
accurate readings on this pocket sized HEL a area 
black bakelite case only 3Vgx5 Vex2Vq : Uses i 


-15/30/150/300/ 
ampere Meter. Six AC voltage ranges 06715 /95/150/ 


3000 volts. Six DC voltage ranges 
Daas Oohte: Two resistance panges OO AKA ous 
megohm. Three DC current ranges. O- Meee ee tries 2 
58 db. Comes complete with self 


db: +34 db to +) nplet : 
Fe tied batteries, test leads and operating instructions. 


Bi lbs. $15.53 


No. 35A247. Net Fach ee eee 


ther Cate 


1012-14 McGEE ST., KANSAS CITY 6, MISSOURI 


LET BA STRETCH ‘EM FOR YOU 


You may order from this ad— 


Include allowance for postage. 


ALNICO V HEADSETS 


CANNON 


a 


SHORT WAVE LISTENING | 
CRYSTAL SETS, ETC. 


Popular small size, light weight, extra | 
sensitive. Powered by Alnico No. V | 
magnets to assure high fidelity re- | 
sponse and excellent volume. Sturdily | 
constructed of durable black plastic. | 
Diameter of diaphragm is lig". Ad- | 
justable spring steel headband. Com- | 
plete with 415 ft. cord with pin tips. | 


toh ee 


226154. Single Hedess oa aan 


Makes Circuit Diagrams | 
Accurate—Quick—Uniform | 


Ideal for Students, Engineers, Tech- 
nicians, Amateurs, etc. Makes sym- 
bols indicating tubes, meters, coils, 
transformers, relays, jacks, ground, 
condensers, switches, and AC con- 
nections. Pocket size. 

11A314. With Directions, Each 90x 


NEW WELLER 
SOLDERING GUN KIT 


FEATURING EXCLUSIVE 
NEW DUAL HEAT GUN 


The perfect soldering kit for everyone. 
Small size, perfect for tool box, yet rated 
90/125 watts. Obtains soldering heat in 
just 5 seconds by trigger control. New 
dual-heat feature provides low or high 
heat as required. Spotlight illuminates 
work. 120 volts 60 cy. AC. One year 
Guarantee. UL approved. Complete with 
wire brush, solder aid and solder—all in 
handy case. 

No. 37A150. 3 Lots. ; 

Net Ea $5.83 Each... $5.19 


EASY TERMS 


ON HALLICRAFTERS AND 
NATIONAL RECEIVERS 


NEW YORK 


ADAPTER 
Bulletin 194-H2 


SINGLE SIDEBAND 
Main Office: MAMARONECK 


GSB - 1 


RECEIVER 


Bulletin 179-H2 
The TECHNICAL MATERIEL CORPORATION 


COMMUNICATIONS 


IN CANADA 
-TMC Canada ltd: 


GPR-90 « spxe. 


. .. Whether you are planning your shack 


for a commercial installation, a military instal- 
This is testified to by the users of TMC 


N Equipment in all these types of installations. 


Ul Bulletins and full details on request 


lation, a CD installation, or a Ham installation; 
whether you plan to use AM — CW — MCW — 
FM — SSB — DSB — two independent side- 
bands — or diversity frequency shift RTTY ... 
you can find no finer receiving equipment for 
the job than is offered by TMC. 


Herewith are illustrated just a few of the many excl 


sive Millen “Designed for Application” line of 
MODERN PARTS for MODERN CIRCUITS, 


~~ 


which are fully listed and described in our general 


component parts catalog. A copy is available either 


through your distributor or direct from any of our 


district offices, or the factory. — 


JAMES MILLEN MFG. CO., 


150 EXCHANGE ST. M _ MALDEN, MASSACHUSETTS 


FOR NOVICE OR EXPERIENCED AMATEUR... 


Viking transmitters are 
VOur best buy! and here’s why... 


Excellent dollar value...solid power...dozens of convenience 
features — just a few of the many good reasons why you get 
much more with a Viking! Yes, dollar for dollar, a Viking is 
your best buy...and that’s why Viking transmitters are “lst 
choice” among the nation’s amateurs! 


@e@eeeeeeveoeaoea1oeoeeoeaneeeeeed @ @eeevoeoeoeoeenoeoenseeoeeee 00808 @eeeeeneeoeoeoeoeseoeeeeeeeee @ 
“ADVENTURER” TRANSMITTER — This 
power-packed, completely self-con- 
tained unit was used to earn the first 
novice WAC (Worked All Continents) 
Instant bandswitching 80 through 10. 
Crystal or external VFO control — 


“CHALLENGER” TRANSMITTER — 
Ideal for fixed station or portable 
use. 70 watts phone input 80 through 
6 meters; 120 watts CW input 80 
through 10 —85 watts CW on 6 
meters. Crystal or external VFO 


“NAVIGATOR” TRANSMITTER/EXCITER 
— Perfect for novice or experienced 
amateur — serves as a flexible VFO 
Exciter with enough RF power to ex- 
cite most high-powered amplifiers on 
CW and AM. 40 watts CW input — 


@eeeeeoconeaneeeteeeoaonueeeaoesece 
@eeeeeovneeseoeeeypeeeeeeeeeeeed 


wide range pi-network output. 50 watts control TVI suppressed — wide bandswitching 160 through 10. Built-in 

CW input. With tubes, less crystals. range pi-network output. With VFO or crystal control. With tubes, 

Cat. No. Amateur Net tubes. less crystals. 

BAORA1LS Tel Nibo ec ces se ccc e eee $54.95 Cat. No. Amateur Net Cat. No. Amateur Net 
240-182-1. .Kit ........... $114.75 240212681 AKit) Se ote bolo ore oe $149.50 
240-182-2..Wired ........ $154.75 240-126-2..Wired ........... $199.50 


“RANGER” TRANSMITTER/EXCITER — This popular transmitter 
also serves as an RF/audio exciter for high power equipment. 
75 watts CW or 65 watts phone input. Built-in VFO or crystal 
control — instant bandswitching 160 through 10. Wide range pi- 
network coupling system will match antenna loads from 50 to 
500 ohms—tunes out large amounts of reactance. TVI suppressed. 
With tubes, less crystals. 

Cat. No. 240-161-1. .Kit ................... Amateur Net $229.50 
Cat. No. 240-161-2..Wired and tested....... Amateur Net $329.50 


“VALIANT” TRANSMITTER — Here’s effective power and wide 
flexibility in a compact desk-top transmitter! 275 watts input 
CW and SSB (P.E.P. with auxiliary SSB exciter) and 200 watts 
phone. Bandswitching 160 through 10. Built-in VFO or crystal 
control. Final amplifier utilizes three 6146 tubes in parallel — wide 
range pi-network output. With tubes, less crystals. 

CathiNor240=104-1. Kite sti foe ene Amateur Net $349.50 
Cat. No. 240-104-2..Wired and tested....... Amateur Net $439.50 


New Culalog 


In addition to the transmitters described | 
above—E. F. Johnson also manufactures 
a complete line of higher power trans- 
mitters; SSB equipment; amplifiers; 
station accessories; keys and practice 
sets ...all described in detail in our 
newest amateur catalog. Write for your copy today! 


| oe For 6 and 2 meters... everything for the 6 and 2 meter 
operator, too! 6N2 100 watt AM and 150 watt CW input 
\ transmitter; compact 6N2 VFO; flexible 6N2 converter; and 
power-packed 6N2 linear amplifier. 


FIRST CHO/CE AMONG 
THE NATION’S 
AMATEURS 


E. F. JOHNSON COMPANY - WASECA, MINNESOTA 
| a 
p27 


NOVICE 


SPECIAL OFFER! 


A COMPLETE STATION TO PUT YOU ON Thies 


Have the fun and experience of building these fine receiver 
and transmitter kits . . . and youre ready to go! 


HERE'S THE COMPLETE PACKAGE 


MM [min 
TUT fee quan 
Wh saa inet Ih 

MA TL Mill a ee _ — MMM cievi 
MME Wh IIA) a ce Wi. 
MUU MMe MUM 


PHILMORE COMMUNICATIONS RECEIVER 
A sensitive superheterodyne receiver - for | 
amateur bands from 10 to 160° ‘meters, , 


FICO 90 WATT cw TRANSMITTER” 
One knob bandswitching, 80 thru 10 meters. 
Puts out a beautiful, clean CW signal that will 


pull in the DX stations. Meter specially marked | 
for novice 75 watt limit. Beautifully styled. A 


lator is available for phone operation when 
get your general ticket. This transmitter will 
er be obsolete. An ideal rig for the seasoned 


ham and novice alike. Complete, with large pic- _ 
torial instructions, Amazingly easy to build and | 


_ broadcast and short-wave bands! Sepa 2 
spread dial, S-meter and noise limiter v 
you pick out the rare ones. Bui 
tone control for fine CW recepti 
A professionally engineered re 
the features of units priced m: 
Easy to build with 2) 


put « on the oo : to Follow Instructions. 


PHILMORE COMMUNICATIONS RECEIVER KIT: 
Complete with tubes, less: cabinet) ¢.....-- 2 ee $3 


SPECIAL 
EICO 90 WATT TRANSMITTER KIT: 
Complete with tubes and cabinet ..........00000000000 000... 


NOVICE 
40 METER ANTENNA (can be cut for 15 meters) FREE! 
PACKAGE HEAVY DUTY CODE KEY 4 oo ae 


$119.90 


SPECIAL OFFER: We will allow you FULL PRICE on your receiver or 
transmitter when you are ready to trade. Only condition is that it be 
in operating condition! 


Send check or money order. 20% deposit on c.o.d. orders. All orders shipped 
f.o.b. Burbank, All orders shipped within 24 hours after received. 


YOU’RE ON THE AIR FOR ONLY 


LY 


WE ARE HEADQUARTERS 
FOR ALL HAM, HI-FI AND 
TEST EQUIPMENT KITS. 
WRITE FOR LITERATURE, 


oT 


| 


VALLEY ELECTRONIG 
SUPPLY COMPANY 


/ 
| 


il 
S 


lh 


2 West MacnouiA Buivp. Bureank, Cauir, Victoria 9-3944 


_ 
to 
ho 
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Send for this FREE National 
Catalog for up-to-date 
information on America’s 
finest receivers! 


Gives Complete Specifications, Full List of 
Accessories, Latest Prices on these Famous 
NATIONAL RECEIVERS. 


BURTON BROWNE/New York 


NC-400 


National’s newest 

—= y general coverage 
receiver. Covers 540 kc to 31 mc,in 7 bands. 18 tubes 
(including rectifier) AM-CW- SSB. May be used in fixed 
channel or diversity operation. 


HRO-60 


Features widest 

frequency cover- 
age of any receiver available, 50 kc to 54 mc... the 
world’s most famous receiver. 


NC-109 

One of Amer- 
ica’s lowest- 
priced SSB re- 


NC-303 


National’s newest 
“ham band only” 


receiver. 10 sepa- 

rate dial scales 
cover 160 to 1% meters. Dual conversion. New 5- 
position “IF SHIFT’ provides optimum selectivity for 
a CW-PHONE-PHONE NET-VHF-Selectable SSB. 


NC-188 


Low-priced general 

coverage receiver. 

Covers 540 kc to 40 

. mc, and is directly 

calibrated for the 4 acl coverage ranges and five 
bandspread ranges for 80-10 meter amateur bands. 


. First 
all-new, low-priced 
shortwave /standard 
broadcast receiver in over 10 years! Covers 540 kc to 31 
me in 4 bands. 110 volt AC/DC. Built-in speaker. 


ceivers! Covers 
—————_._~ 540 ke to 40 
mc, National’s exclusive "MICROTOME” fil- 

ter provides 5 degrees of sharp selectivity 
for all modes of operation. VOICE-CW-SSB. 


NC-66 

AC /DC-Battery Portable. 

Covers 150 kc to 23 mc in 5 

bands. Exclusive RDF-66 

Direction Finder Accessory 

provides accurate navigation 
4’ for small boats. 


NATIONAL RECEIVERS AND ACCESSO- 
RIES ARE SOLD ONLY BY FRANCHISED 
DISTRIBUTORS. MOST OF THESE DIS- 
TRIBUTORS OFFER TRADE-IN ALLOW- 
ANCES AND LIBERAL BUDGET TERMS. 


Visit your local National Radio Co. Distributor and see 
the full line of National Receivers. 


<<>> NATIONAL RADIO CO., INC. 


MELROSE 76, MASS. 
A wholly owned subsidiary of National Company, Inc. 


| Export: AD AURIEMA, INC., 85 Broad Street, New York, N. Y., U.S.A. In Canada: CANADIAN MARCONI CO., 830 Bayview Ave., Toronto, Ontario 
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For Tue 


Active AMATEUR 


Record keeping can often be tedious. But not with the 
ARRL Log Book. Fully ruled with legible headings it helps 
make compliance with FCC rules a pleasure. Per ¢ 
book 6.0 ee Se ee poy 4, 


Mobile and portable operational needs are met by the 
pocket-size log book, the Minilog. Designed for ut- 3So¢ 


most convenience and ease..................... 


First impressions are important. Whether you handle ten or 
a hundred messages you want to present the addressee with 
a neat looking radiogram . .. and you can do this by ¢ 
using the official radiogram form. 70 blanks per pad. kop) 


I¢ you like to correspond with fellow hams you will find the 
ARRL membership stationery ideal, Adds that $ 
final touch to your letter. Per 100 sheets....... 1, 00 


The American Radio Relay League 
WEST HARTFORD 7, CONNECTICUT 


and they are available 
postpaid from... 


1960 
Wadel! 


A brand-new edition of the 
ARRL World Map is now 
available. Latest amateur 
data by League Hq. Brilliantly 
executed by expert map- 
makers Rand McNally. Order 
this 1960 showpiece for your 
shack now! 


No active amateur can afford 
to be without one of these 
popular and useful adjuncts 
to good operating. Here is 
why the ARRL World Map is 
such a favorite: 


As soon as you hear a DX station you can see 
exactly where he is—the country prefixes are not 
just listed in the marginal index; they’re printed 
on the countries, themselves. You can tell his 
direction from you, and his distance. There’s no 
question about which continent he’s in—bound- 
aries of the six continents are plainly marked. 


The time zones are plainly marked, too. Call areas 
of thirteen countries are shown. Principal cities are 
designated. There’s a scale of miles, another of 
kilometers. Printed on heavy map paper measur- 
ing 40” wide x 30” high, in 8 colors that really 
stand out, this new ARRL World Map is easily 


read from your operating position, 


40” x 30” 8-Color Map, $2.00, postpaid anywhere in the world 


AMERICAN RADIO RELAY LEAGUE, INC. 


38 LA SALLE ROAD 
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WEST HARTFORD 7, CONN. 


: ONSET 6-76 | FULL-FEATURED 
«AM TRANSCEIVER 


For 6-band operation... 


Now...a powerful 100 watt AM transmitter and 
a sensitive, dual-conversion receiver, a handsome 
6-band combo.—integrated—working perfectly 
together— within a handsome modern housing 
designed to be just right in size and shape for easy 
installation in your car, 


Your mobile operation will be more enjoyable with G-76! 
First, excellent 2-way communication on any of 6 amateur 
bands— 80, 40, 20, 15, 10 and 6 meters! Performance has 
of course been the foremost design objective but flexibility 
and operating convenience has not been overlooked. 
Receiver tuning dial... “S” meter...any element that 
occasionally requires a quick glance while driving, is fully 
visible. And because the entire front panel is only 5” high 
and 12%” wide, every control—including transmitter 
VFO and Band switch—is conveniently 

at the driver’s fingertips. 


Those important “extras” have not been overlooked 
either. For example: Spotting switch of VFO to “zero in” 
station being received— Hi-Lo power switch for tune up 
— Switch to cut transmitter filaments when not needed— 
Crystal calibrator provisions for receiver with panel 


In- Out switch. 


Use G-76 both in your car and home station. Simple 
to do. Transistorized 12 volt DC supply remains in Car. 
117V AC supply with speaker is optionally 

available for home use. 


POWER SUPPLIES 


G-76 Power Supply, transis- G-76 Power Supply and Ex- 
torized—for 12 VDC, ternal Speaker unit— 
For 115 VAC. 


URBANK LIFORNIA 


afl Er GONSET Division of Young Spring & Wire Corporation 


B&W TRANSMITTER GROWS WITH THE 
RADIO AMATEUR 


¢q Start with basic Transmitter 


Ideal for the oldtimer and beginner alike, | 
It’s a complete medium powered transmitter | 
as itis... over 140 watts AM phone... 180 | 
watts CW. Completely self-contained includ. } 
ing power supply, VFO, and integral band-— 


5100-B 


*If you have a Viking I or II, Collins 32 V series, or other : 
commercial or composite home-built rig, get the Model 51SB. Net Price .. . $265.00 


switching. Covers all ham bands 80 through 


10 meters. YOU CAN ADD SSB AND A 
1 KW FINAL TO THE 5100-B AT ANY > 


TIME. 


Net Price ......$525.00 


4 Add SSB Generator 


If you want to enjoy top quality single 


the back of the 5100-B transmitter* 
and you’re on the air with a command- 


cuit, and TVI suppression. 


It’s similar to the 51SB-B, but contains a power supply which 


you'll need with transmitters other than the 5100-B. 


Net Price... 


$279.50 


q and then tie in 1 KW Final 


When you’re ready to go the limit— 
1 kilowatt of power—all you need to 
do .is: to. add the LPA-1. This 
grounded grid linear amplifier will 
stand out in signal eloquence when- 
ever the going gets rough. The pl- 
network output gives you precise 


LPS-1 Power Supply for the Model LPA-1_ The LPS-1 isa adjustment of tuning and loading 
separate high-voltage rugged power supply with intercon- _—_frgm 80 to 10 meters. Rated at 1000 
necting cable for side by side use with the LPA-1. Switch- —_ watts peak envelope power SSB-CW 
ing control panel may be removed and placed near the and 375 watts linear AM phone. 
Operator when remote location of the LPS-1 is desired. ; ; 


LPA-MU Matching Unit Compact bandswitching assembly pete a ee ast i: ee 
functions to correct mismatch between any driver-exciter [pa_mU. Net Price........ 36.00 
and the LPA-1. The LPA-1 is available with the LPA-MU *LPA-MU-2. Net Pricess an 36.50 


factory installed and adjusted. 
Prices subject to change without notice 


* Similar to LPA-MU but designed for per- 
fect matching of original B&W L-1000-A 
and L-1001-A Grounded Grid Amplifier. 


BARKER 8 WILLIAMSON, INC. 


Bristol, Pennsylvania 


32. 


sideband, just plug the 51SB-B into | 


ing signal. The many features of the | 
51SB-B include voice-operated con-— 
trol, selectable sideband with a flip of | 
the switch, speaker deactivating Cire 


*. 


to help you get 
STARTED RIGHT- 


the most widely used 
Amateur Supply Guide 


© 
gives you every advantage 


i GET STARTED RIGHT—AND SAVE! You'll HAM -TO-HAM HELP 

| find everything you need to get started in the 

| latest ALLIED Catalog: code practice equip- Our staff of over 30 Amateurs goes all-out 
| ment, build-your-own KNIGHT-KITS, receivers, to give you all the help you want. You'll like 
| transmitters, parts, books—all the station the kind of personal attention you'll get at 


gear you'll need—at money-saving prices. 
You can count on really useful help and ad- 
vice from our staff of old-time Hams; we’ve 
helped thousands of beginners to become 
licensed Amateurs and topflight operators. 
Get your ALLIED Catalog now—and get the 

advantages Amateurs have enjoyed at ALLIED 
| since 1921... 


EASIEST TERMS: Available on all orders 
over $20—only $2 down up to $50; $5 down 
from $51-$200; only $10 down from $201 up; 
up to 24 months to pay. Extra: 15-day trial 
on all ham gear. 


Allied. You'll get to know helpful Hams like: 


WOWHE 
Jim Sommerville 
(write to him today 
for best advice on 
getting started) 


WS8CZE 


Jack Schneider 
(Allied’s ‘‘Mr. Ham’’) 


W9IHLA 


ALLIED RADIO WoHLA 


100 N. WESTERN AVE., CHICAGO 80, ILL. SORTID (in the Hom Shack 
Joe Huffman 


Sowiwg tho Qmoatewr for 40 Ucars- (in the Ham Shack) 


A dozen years ago. .Gonset wrapped VHF into a tidy “package” 
and “Communicator’—the most widely used, commercially-produced 
2-way equipment in amateur VHF history—came into being. 


New... brilliantly new... throughout. Handsome, industrial- 
designer styling provides finger-tip operating convenience—an outer 


housing with desirable “form factor” which facilitates. carrying ... 
lends itself to horizontal or vertical mounting. Now... for a new 
decade, an even finer VHF “package”, Communicator IV! 


ADVANCED DESIGN FEATURES... 

For the receiver . . . latest, frame-grid 
VHF tubes in front-end for excellent noise 
figure . . . triple conversion with crystal 
controlled first conversion—ANL—Squelch. 


For the transmitter: 20 watts input... 
broad banded RF driver stages minimize 
tuning controls. P-P 6BQ5 modulators de- 
livering more than 10 watts of audio, 
P-t-t-operation . . . high quality ceramic 
microphone supplied. 


For the power supply: 12V DC/117V AC 
merely by changing cables. Transistorized 
DC supply eliminates vibrators, 


Highlights: Frequency range, 143.7 to 
148.3 mc. Receiver noise figure, 4 to 5 db. 
Sensitivity, 0.4 uv 10 db S+N/N. Noise 
figure 4 to 5 db. Receiver tubes: 6ER5 RF 
G6ER5S Ist mix. 6J6 xtl osc. and multiplier. 
6AV6 2nd mix. 6C4 tunable osc. 6BE6 3rd 
conv. 6BA6 Ist I-F, 6BA6 2nd I-F, 6AV6 
det.—AVC rect, Ist aud amp. 6ALS5, ANL, 
squelch, OB-2 volt. reg. 


Transmitter tubes: 6360 fin. amp. 12BY7A 
xtl osc—tripler. 12BY7A, tripler, 12BY7A 
doub-driver. 7059 speech amp.-phase inv, 
2—6BQ5's P-P modulators. 


Dimensions: 5H, 9Y/2'’W, 13D. 21.84. 


atlhEt GONSET 
MISSION HAM SUPPLIES 


WE HANDLE ONLY HAM GEAR 


5474 MISSION BOULEVARD 
RIVERSIDE, CALIF. e OVERLAND 3-0523 


The Antenna.. . 


is of major importance in any amateur radio commu- 
nication’s system. 

Whatever your interests in amateur radio — DX, 
mobile, short wave listening, sideband, CW or Fone... 
Hy-Gain has the antenna — beams, verticals, doublets, 
(single or multi-band), and many other special con- 
figurations. 

If you'll drop us a card with the following information 
as a guide, we'll be pleased to give you a personalized 
antenna recommendation together with complete liter- 
ature and technical information. No cost or obligation, 
of course! 

w’ Where do you live? City? Farm? Apartment? 
How much room is available for an instal- 
lation? 

M What transmitting and receiving equipment 
do you own at present, if any? Are you plan- 
ning to add new gear in the near future? 

y What bands are you mostly interested in work- 
ing? Fone? CW? or both? 


Andrew A. Andros, WQ@LTE 


* To Be Announced 


antenna 
» hu-gain products 


1135 NO. 22nd ST. ° LINCOLN, NEBRASKA 


VHF BEAMS 


432mc 13 Element Beam, $12.95 
220me 11 Element Beam, $13.95 
144mc 5 Element Beam, $8.95 
144mc 10 Element Beam, $14.95 

6 Meter, 5 Element Beam, $18.95 
6 Meter, 8 Element Beam, $32.95 


Fou Coupting Energy Into Space... Anyuhor iu the Radio Speehuun 


MONOBANDERS 


10 Meter, 3 Element Beam, $32.95 
15 Meter, 3 Element Beam, $38.50 
20 Meter, 3 Element Beam, $65.95 
40 Meter, 2 Element Beam* 


GROUND PLANES 


Ground Plane Antenna 25-50mce, $32.70 
Ground Plane Antenna 50-50mc, $21.90 
Ground Plane Antenna 108-500mec, $14.97 
Discone Antenna 50-500 me, $29.97 


MULTI-BAND DOUBLETS 


Doublet for 40 & 80 Meters, $34.95 

Doublet for 6 ,10, 15 & 20 Meters, $21.95 
Doublet for 6, 10, 15, 20 & 40 Meters, $29.95 
Doublet for 6 thru 80 Meters $37.50 


HALOS 
Halo for 2 Meters, $5.95 
Halo for 6 Meters, $12.95 


MOBILE & PORTABLE TRAP 
TRAVELERS 


8-Band Loading Coil for 10-20 
Meters, $16.95 


Telescoping Base & Whip With Coil, $29.95 
Portable Micro-Dipole Kit With Coils, $44.95 


MULTI-BAND VERTICALS 


Multiband Vertical for 10-20 Meters, $21.95 
Multiband Vertical for 10-40 Meters, $27.95 


Multiband Tower Vertical 
for 10-80M, $129.50 


TRIBANDERS 


4 Element Deluxe Thunderbird 
for 10, 15, 20 Meters, $117.50 


8 Element Standard Thunderbird 
for 10, 15, 20 Meters, 89.95 


2 Element Thunderbird Tribander 
for 10, 15, 20 Meters, 59.95 


ROTOBRAKE 


Complete Rotator, Brake, 
Wall Map Indicator and 
Control Box, $199.95 


"The Wolds Longest Manufacturer of Amateur Communication Antennas 


CITIZENS BAND 


And a complete line of Citizens 
Band Antennas including whips, di- 
poles, ground planes, beams, adap- 
ters and cable kits, for close-range, 
mobile and long distance point-to- 
point and base station-to- mobile. 


135 


Y eg 
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$269.:-95 amateur NET 


glee you. 40 muh for be lille 


\ 


Combination 
Q-Multiplier and Deluxe Speaker 


for notching heterodynes or single signal CW 
$34.95 AMATEUR NET 


I ciciceeeninenieniasiiaitliss 


MMMM (MMMM 
ZY Yj 
Y MODEL 2-A FEATURES Y 
Y Y 
Y ¢ Triple conversion with crystal Yj f 
j eee first pat for max- j All the advantages Ol a 
imum trequency stability. 17) 
j ° reentas eee selection ] HAM BAND ON Ly” 
7 without retuning, Y receiver. Superior SSB, AM, and CW in 
Yj * Reception of SSB, AM and CW Y : P : a4 ; 
j with ofullaeRE Spain eeomblersenve j seven band switch positions ... 
Yy, action and accurate S-Meter indica- 
] tion. 3 ] PLUS 
y Ge ae ae ee cea j five extra positions on the band switch for 
j ° ae ore pharccer tes jy interchangeable plug-in crystals to permit 
7 insensitive to operation of nearby Y reception of any 600 kc bands in the 3.5 
Yo xmt Yj 
pa ee Y to 30 mc range, such as shortwave broad- 
] seen mtgenraita hed j cast bands, Citizen’s band, MARS, WWYV, 
] mae ee Me CN ] Commercial frequencies, and others. 
Y ation scale. Y 
Y * Compact size. Yj 
] Nee Caton nen For complete specifications see 
or diode detector. Dec. ’59 issue of QST, or write to: 
Y 
cee damm MMW) 


we 


SDR 


Coming soon... R.L. DRAKE COMPANY 


MIAMISBURG, OHIO 


2 and 6 meter plug-in 
crystal converters 
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AND THEORY 


LEARN CODE 


AT RADIO SHACK SAVINGS! 


AMECO TRANSMITTER panes Out- 

circuit . 

in Kit form only $17 65 8 Heavy-duty AC 
power supply 

® 6V6 Oscillator 
& 6X5 Rectifier 


No. 1 — NOVICE CODE COURSE. 
You get and keep 10 recordings (alphabet thru 8 


W.P.M.). Learn to send & receive code — simple, fastest 
' way — plus helpful charts. 


e . No. 44D707 No. 44D708 No. 44D706 
- Fe een seta 45 rpm $5.95 3313 rpm $4.95 78 rpm $6.95 
meters No. 2 — SENIOR CODE COURSE. 
cw You receive the same material given to Novice Code 


Course plus 22 recordings instead of just 10 (alphabet 
tone finish, thru 18 W.P.M.). 
: No. 44D710 No. 44D711 
uae oe 45 rpm $10.50 33/3 rpm $9.50 
SN it hse No. 3 — ADVANCED COURSE. 


® Grey hammer- 


No. 44D709 
78 rpm $11.50 


The Ameco transmitter kit is an ideal unit for the begin- 
ner or novice. No Antenna Tuner Is Necessary. Keying 
is clean and chirp-free. TVI suppression features have 
been included in unit. Complete with punched chassis, 
hardware and instructions. 

Order No. 45DX062 Model AC-1 with coil kit for any 1 


band less tubes & crystal .................ccccccceeeseeeesenenenneeeeeeee $17.65 
Set of Tubes for above (6V6 & 6X5) ou... eee $ 2.30 


DELUXE CODE PRACTICE OSCILLATOR 


In Kit Form or Wired 


Prepares Novice operators for the general class and 
second class commercial license tests. Contains 12 record- 
ings (8 thru 18 W.P.M.). 
No. 44D713 No. 44D714 No. 44D712 
45 rpm $4.95. 3313 rpm $4.95 78 rpm $5.95 
No. 4 — COMPLETE AMATEUR RADIO THEORY COURSE. 
Nearly four hundred typical FCC type questions to pre- 
pare you for your license exam. Complete, simplified 
home study course, for Novice or Technician. 
OrderiNoeA2P 21 Joe ee cana co eee ese Sean ee $3.95 
No. 5 — RADIO AMATEUR QUESTIONS & ANSWERS 
LICENSE GUIDE. 


A “‘must’’ if preparing for Novice, Technical or general 
class exams. Order No. 42F220 ............:::00.ccccceesceeeeceeeseeene $.50 


2 & 6 METER CONVERTERS 
AND POWER SUPPLY 


® Crystal Controlled $] 995 


@ 2-meter converter has 6ES8 
— Ist cascode RF amplifier, 
6U8A — 2nd RF amplifier 


The Ameco Code Practice Os- 
cillator, for 110 volts AC or 
DC, with a built-in 4 inch 
speaker, produces a_ pure, 
steady tone with no clicks or 
chirps. It can take a large 
number of headphones or 
keys. After the code has been 
learned, the Ameco code prac- 
tice oscillator is easily con- 
verted to an excellent C.W. 


monitor. 
Order No. 44D715 Model CPS-KL w/instructions, less tubes and mixer, 6AU6 oscillator. 
Aly paced Fat has 6BS8 
No. 44D716 Model CPS-WL completely wired & tested, less -meter converter has 
POPES ee Fee oc ys tice pccesancheaccoutsevoessaqnatedesnes $14.75 cascode RF amplifier and 
Set of 2 tubes (35W4 & 50CS) ooo... cccceccecceseeeeescenene $1.80 6U8A mixer and oscillator. 
Complete 6-meter converter for 7-711 Mc. or 14-18 Mc. 
NOE 44D7 00 aire er a oar a ee Sean $19.95 
Wired 6-meter converter for above frequencies. 
INO S44 D7 ON ee rarist arson ses eoestec on ort denes ates een, $27.50 
— Complete 2-meter converter for 7-11 Mc. or 14-18 Mc. 
CODE PRACTICE SET SKILLMAN SPEED.- i Peieur, | 874 0p Seen ers ae arene nt nen Pie mee aa aS ere ae ie $23.95 
with Se eae Ao eae MASTER bug has 8 sep- Wired 2-meter converter for above frequencies. 
zer works off flashlight arate tension and speed Nat4aD70sher ie ON ace eee no $33.95 


battery. Ship. Wt. 14 lbs. adjustments, Plastic dust 


cover. Ship. Wt. 5% Ibs. 


Kit or wired models fer other frequencies $1.00 extra. 
Power Supply complete in kit form. 


Battery No. No. 94L505 Order No. INNO S4 AD 704 ee ee rere eects eceed esata tho Seda dadbot toa owes $ 
23F001 ois40. $995 10.50 
13¢ ea. $] 79 Wired and tested for above. 
NO SA DZ OS ie irre eee wae elie eeu aoae eet ue tonto ss $] 1.50 


Loe ee ee eee TRE Reet ee eee eee on 8 


RADIO SHACK CORPORATION, Dept. RAGO 
730 Commonwealth Avenue, Boston 17, Mass. 


NOW A STORES | 


Please send me the following: 

[] Cat. No. - 2 [CL] Cat. No. 

[] Cat. No. SC [ele CataNo. 

[] Cat. No. (1 Cat. No. 
@ 730 Commonwealth Ave., Boston 17, Mass. LT 
@ 167 Washington Street, Boston 8, Mass. Cit z Stat 
@ 230 Crown Street, New Haven 10, Conn. Ione. oe 
@ 29 High Ridge Road, Stamford, Conn. (] Check [) M.O. [=)G.0.D: 

peepee oseep eer eatsepaspads ™?f | Stiseoesoaiurdttiearn & bo 
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TAKE 


OUR, 
"CK 


EVERYONE'S 
A WINNER 


f 


HQ-170 


World’s most popular SSB amateur A fine quality general-coverage, SSB 
bands receiver offering outstanding receiver offering commercial perform- 
SelGCHIVitychess ceo essecrer tect A ance at amateur price’ ............ $429.00 


HQ-180 


Advanced design SSB transmitter offer- 
ing the best features of all......$695.00 


HQ-145 HQ-110 HQ-100 
An old favorite (HQ-129) brought up to A low-cost, amateur bands receiver The best buy for a general-coverage, 
date with modern engineering concepts offering operational advantages found quality communications receiver 
$269.00 in receivers costing far more $249.00 $189.00 


READY RIGHT NOW— 
AT YOUR HAMMARLUND DEALER— 
BEST BUYS 2VER: (Clock-timer $10 extra) 


HAMMARLUND 


MANUFACTURING COMPANY, INC., 460 West 34th Street, New York 1, N.Y. 


—— © A DIVISION OF TELECHROME 
cscs In Canada: White Radio, Ltd., 41 West Ave., N. Hamilton, Ont. 
Export: Rocke International, 13 E. 40fh St., N. Y. 16, N. Y. 
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VIBROPLEX MAKES SENDING EASIER THAN EVER BEFORE! 


New Super DeLuxe 


VIBROPLEX 


Presentation 


With all these great new features: 


Jewel Movement — The use of jewel 
movement completely revolutionized 
the art of sending, and made it easily 
available to everyone. 


Super-Speed Control Mainspring 
— Gives you greater speed range, and 
lets you send at slowest speed without 
adding extra weights. 


Touch Control — Vibroplex is ad- 
justable to your individual liking. 


Natural Response — Vibroplex re- 
sponds to your every command. 


Firm Stance —A_ very important 
item. The rubber feet of Vibroplex 
keys have been advantageously placed 
so that the key stays where located. 


Rich Design — 24-K gold-plated base 
top, polished chromium machine parts, 
red trim and jewel movement make the 
Presentation good to look at and fine 
to use. Del_uxe only $29.95. 


Vibroplex Original 


Acclaimed by thousands of the world’s finest 
operators for ease of operation, clean signals 
and all around sending excellence. Precision ma- 
chined, trouble-proof and erficient. A strong 
favorite of the elite. Standard, with circuit 
closer, grey base and chrome top Parts, $19.95; 
DeLuxe, with polished chromium base and top 
parts, red trim and jewel movement, $23.95.* 


Vibroplex Blue Racer 


Small, compact and built like the Original, 
but only half the size. Wt. 2 lbs. 8 oz. Takes no 
more space than a blotter. Does exactly the 
same fine work as the large models. Standard, 
with circuit closer, grey base and chrome top 
parts, $19.95; DeLuxe, with polished chromium 
base and top parts, red trim and jewel move- 
ment. $23.95 * 


Vibroplex Lightning Bug 


New, improved design frame, a flat pendulum 
bar with slotted weights that can’t work loose, 
an instantly adjustable dot contact spring that 
may be removed without disturbing speed 
weights, a bridged damper frame that protects 
key against damage. Precision machined. 
trouble-proof and adjustabie to any speed. 
Standard with circuit closer, grey base, and 
chrome top parts, $18.95; DeLuxe, $22.95. * 

* Cord and wedge $1.75 additional. 


140 


IBROPLE 


World’s No. 1 Key 


Never tires the arm i 
Never upsets the nerves : 


Semi-automatic 
action 


**PRESENTATION” 


The 
“BUG 


Vibroplex Actually Does The Work For You 


Send Better — Vibroplex sig- Send Faster — No handsender 
nals are uniformly good at any can match Vibroplex speed. 


speed. They are strong, clean , 
and easy to read. You'll like More speed than you'll ever 


them. need, but you’ve got it. 


Send Easier—A perfectly 


Send Longer — Many Vibro- 
balanced key and freedom from 


nervous and muscular tension plex keys are still in use after 30 


is the easiest way—that’s Yeats. Nothing to get out of 
Vibroplex. order. 


“VIBRO-KEYER” 


The Vibro-Keyer supplies the answer to 
the demand for Vibroplex parts for the 
construction of electronic transmitting 
units. Its beautiful beige colored base is 
3%" by 4%” and weight is 234 pounds. It 
uses the DeLuxe Vibroplex contacts, main 
frame and super finished parts. Colorful 
red finger and thumb pieces. Has the same 
smooth and easy operating Vibroplex 
trunion lever, adjustable to your own taste. 
Priced at. $15.95. 


Vibroplex Carrying Case 


Keeps key like new, Black simulated 
morocco. Flexible leather handle. 
Protects key against dust, dirt and 
moisture, and insures safe-keeping 
when not in use. With lock and 
key, $6.75. 


All Vibroplex keys available for left- 
hand operation, $2.50 additional. 
Every Vibroplex has 316’’ contacts. 


Avoid imitations! 
The ‘‘BUG”’ Trade Mark 
identifies the 
Genuine Vibroplex 
Accept no substitute 4 


THE VIBROPLEX CO., INC. 


833 Broadway New York 3,N. Y. 
W. W. Albright, President 


Prices subject to change without notice 


GONSET MAKES IT... 
ELMAR STOCKS IT! 


Serving the 11 Western States... 


a Alaska. ..the Pacific Area. 


Be. ELMAR 

Se oa electronics 

| @ 140 - 11th Street at Madison, Oakland 7, California 
TWX-OA73 FAX--FCF 


Get your GONSET G-63 amateur 
communications receiver at ELMAR. 


G-63 a communications receiver of exceptional value has many 
operating features usually found only in receivers priced substan- 
tially higher. Example: Sensitivity less than 1 microvolt for 6 db 
signal-plus-noise/noise ratio and a really hot 6 meter band! 


For SSB reception ...compare G-63 with other receivers in the 
same price bracket! G-63 is stable, has low-drift HF and BF oscil- 
lators. There are two second detectors: Product type for better 
SSB/CW reception and diode type for AM. Full vision drum dial 
spreads each band for easy tuning — vernier tuning knob has fly- 
wheel for smooth operation. This modern receiver covers six ama- 
teur bands: 80, 40, 20, 15, 10 and 6 meters. 


Other features: Double conversion — peaking-type Q” multipher 
gives adjustable bandwidths down to 100 cycles for CW. Bandpass 
I-F circuitry provides desirable steep-shoulder selectivity for AM 
and SSB reception. Also...‘“S” meter... AVC... Automatic 
Noise Limiter... plug in crystal calibrator available as accessory. 


Order by mail too... a complete, well staffed department 
gives prompt, efficient attention to your mail orders. 


Phone Elmar... 


« TEmplebar 
4-3311 


Shop the Largest 
Tc HEADQUARTERS 


in the Upper Midwest 


(Serving the Nation!) 


ety GE le GENERAL MANAGER 


K@YEC 


3: VRS SEES: 


Extra liberal trades mean 
lowest end prices... TRY US! 
CHARGE IT! 10% DOWN 


sonnet 


Bob Woodrow, W®VVL, Manager of the HAM- Joe Hotch, KQUFE, Assistant Manager, has a 


ateur Department, discusses Lew Bonn’s: huge good customer sold on the quality and rugged 
inventory which includes the complete line of dependability of RCA tubes. 


RCA Replacement tubes. 


Our stocks are complete on the brands of equipment IT’S FREE! 
you know and trust. Your tube orders will be filled 


from ouniRC Aainveniores NEW 1960-6] 


You can depend upon our 34 years of serving the 

world of electronics for complete satisfaction on all CATALOG 

gear ordered. Your Guide to the World 
Visit, Call or Write and inquire about your needs. of Electronics. Send for 
Near new and used equipment list sent on request. yours today! : 
Prompt, friendly service guaranteed. *Copyright 1960 ~~ 


~ Lew sBonn 


MAIL ORDER ADDRESS: : 
1211 LaSALLE, MINNEAPOLIS 3, MINN. 


Your Upper Midwest's Complete 
FEDERAL 9-6351 _ Line Industrial Tube Distributor — 
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ANTENNAS - 


SINCE 
192| 


DESIGNERS AND MANUFACTURERS OF 
COMMERCIAL SERVICE “BEAMED-POWER" ARRAYS 


New Telrex 2, 6, 10, Citizens Band, 15 and 


\ “Challenger” 20 meter Ground Plane 
“Model TC-88 Antennas 
Single “Tri-Band” The very 
Transmission $99 75 best MODEL 
Line Arrays ; money GP-2M 
: Model TM-30 illustrated can buy! 


26 pounds of educated aluminum—Telrex ‘‘Tri-Band”’ is ~~ 
World Renowned for performance, excellence and value. oN 
- 


Unity gain, 
broad-band 
ground-plane omni- 
directional pattern 
antennas. 


Model 10-99 $159.50 
Model TM-30 $328.00 


Model DP-3 $38.50 
(10-15-20 Meter Dipole) 


Model DP-4 $175.00 
(10-15-20-40 Meter Dipole) 


S725 : 


New Telrex 


ROTATOR/INDICATOR 


Designed to out-perform and 
outlast any other beam rotator 
in its class. Will hold and rotate 
beams in winds up to 110 mph. 
Control Housing is Telrex quality 
thru-out. Black japanned alumi- 


Model 2M-3C $6.95 
Features 
2 Meter Arrays easy mast 


Telrex offers 12 models in the 2-meter captivation, 
band. Prices range from $6.95 to $115.00. _ specially 


designed num housing. 

2-stage worm Tri-colored azi- 

Seo: gear reducer. muth rose and 
a reciprocal read- 
=k — ings. Has sel- 


syn indication 
and limit of ro- 
tation circuitry. 


Ls ~~ Also available—Extra Heavy Duty Rotator Models 
———~ 


Yeo ee— New Telrex 


New Telrex — = . rT ” 
“CHRISTMAS TREE” [== SPIRALRAY 


3-Band System | i 
By far the most powerful f) heade Best $19.50 aie 
ee cee MAN Communication MORALS illustrated 
ing no compromise, 3-band iA ereten Feats FOR SCATTER-WAVE, SATELLITE, 
Rereunanre Bee lability id and “Balanced- MOBILE OR POINT-TO-POINT 
Eeriettsh antenna design as- Na Pattern’ Extremely high-gain, high signal-to-noise, prac- 
sures... maximum gain, and HEN tically no fade, all radiation planes — horizontal, 
inipedance bandwidth, plus pattern symmetry with vertical or oblique! 50, 108 and 144 megacyele 


minimum TVI, BC! and harmonic radiation qualities models available. 
not possible with so-called ‘‘Tri-banders”’. 


All prices FOB Asbury Park, New Jersey, subject to change without notice 
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BUY IT AT HUDSON 


For over 20 years Ham Headquarters for the World. 


COME IN OR ORDER BY MAIL|— Either way 


you can be assured that you'll receive the 
same speedy, efficient service that has earned 
Hudson a Worldwide reputation. Mail orders 
are shipped the same day as received from 
our huge stocks. All three stores now have 
separate Ham divisions to serve you better. 


NOBODY BEATS HUDSON’S DEAL|— Make 


your dollar go further with Hudson’s famous 
LOW PRICE! And remember we'll give you 
top allowance on your old equipment. Every- 
body in the Amateur Game knows you do 
better buying at Hudson. 


EQUIPMENT|— Hudson is famous as one of 


the largest Distributors of Electronic Equip- 
ment in the country. We carry Complete 
Stocks of all Standard Brands, all Fully Guar- 


TECHNICAL INFORMATION?|— Glad to help 


you with any problems that may be puzzling 
you. Just write or drop in and speak to Joe 


anteed. Prestia, K2GZX or Bob Gunderson, W2J10. 


Some of the Standard HAM BRANDS we carry! RCA - RME - BUD - MILLEN - 
GONSET - MORROW - COLLINS* - NATIONAL - MULTI-ELMAC - HARVEY-WELLS - 
HAMMARLUND - E. F. JOHNSON - HALLICRAFTERS - MASTER MOBILE - BARKER & 
WILLIAMSON - DOW KEY - ILLUMITRONIC - CUSHCRAFT - NORTH HILLS 


*NEWARK store only AUTHORIZED : FACTORY DISTRIBUTORS 
RADIO & TELEVISION CORP. 


EASY TIME PAYMENTS 


Buy the Gear Un with just 

tau ent aynett Use Hudson i 48 West 48th St., 212 Fulton St., 35 William St., 

cue ar Payment sie jor N.Y. 36, N.Y, N.Y.7,N.Y., | Newark 2, N.J., 

your Ham Gear purchase: TRafalgar 3-2900 | TRafalgar 3-2900 MArket 4-5154 
a Dell lini ienienieinitonls | 
i BON ae BULLETIV~ NAME g 
H| 37 W. 65th St. New York 23, N. Y. | 
| Write Today for our FREE Swaps bul- ADDRESS 4 
| letins. List the equipment you have, Hi 
L and the equipment you want. CITY ZONE.__-__._ SUA Hee 
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FASTEST, EASIEST WAY 10 


LEARN CODE EVER DEVELOPED 


W2RID 


RIDER SOUND-N-SIGHT CODE COURSE 
by Lewis Robins & Reed Harris 


MOST COMPLETE, MOST UNIQUE COURSE EVER OFFERED 


The course combines sound (clearly transmitted signal 
patterns on records with the instructor’s voice immediately 
informing you if you are correct) with sight (47 identifica- 
tion cards with individual signal patterns and the letter, 
number or punctuation mark for which they stand). A 
clearly written book tells you how to apply the course, 
increase your speed, practice with someone else, transmit 
and provides charts to check your day-by-day progress. 

The records start by giving signal patterns and an imagi- 
nary instructor at your side tells you immediately if you 
have recognized the correct pattern of dits and dahs, teach- 
ing you to hear and recognize signals correctly. Next, by 
using the identification cards you learn the correct letter 
associated with each signal pattern. Finally, the records tie 
together your ability to hear the signal correctly and iden- 
tify the letter for which it stands. You can learn to receive 
as rapidly as you learn to send—proof positive of the effec- 
tiveness of this method. The instructor’s voice is on hand 
at all times to give you the correct answer immediately. 
From this point on it’s a matter of increasing speed. With 
the ‘Sound-N-Sight’ course many people have learned to 
receive 5 words per minute within 9% hours! What is more, 


this course has successfully eliminated the code plateau. 


“REINFORCED LEARNING—AN OUTSTANDING SUCCESS” 


In the Armed Forces and industry, the REINFORCED LEARN- 
ING method has produced astoundingly successful results: 


From the Educational Review, November, 1958: “The 
Lewis Robins-Reed Harris reinforced learning system . 

is achieving almost incredible results in shortening train- 
ing time. The original tests conducted in the Navy... 
showed that if the reinforced learning system were used, 
typing and code could be learned in about half the time 
formerly required. Tests then conducted by an unofficial 
organization, the staff of Navy Times in Washington, 
quickly proved the validity of the conclusions. Now IBM, 
RCA and the Chrysler Corporation are trying the method.” 


From William Haddad, The New York Post, November 
14, 1957: “Dr. Harry J. Carman, world-famous historian, 
Dean Emeritus of Columbia College and Co-chairman of 
the President's Committee on the Arts & Sciences, said 
that Lewis Robins had adopted a ‘brilliant approach’... .’’ 


THREE INDIVIDUAL COURSES 


COMPLETE COURSE-—covers all licenses up to commercial 

(0 to 20 words per minute) 

Six 10” LP records (192 minutes of recording. 46 record- 

ings), 47 identification cards and book train you to receive 

up to 20 words per minute. Also trains you to transmit. 

HREC-020, $15.95. 

NOVICE COURSE (0 to 8 words per minute) 

Three 10” LP records (96 minutes of recording, 28 record- 

ings), 47 identification cards and book train you to receive 

30 to 8 words per minute and how to transmit. FREC-08, 
9.50. 

ADVANCED COURSE for general, amateur extra or com- 

mercial license (9 to 20 words per minute) 

Three 10” LP records (96 minutes of recording, 18 record- 

ings) and the book train you to receive up to 20 words per 

minute and provide a firm foundation for receiving at even 

greater speeds. } REC-920, $8.95. 


These records have been prepared in collaboration with 
the New York Institute of Technology and manufactured 


by Decca Records. 


This exciting code course plus many other titles that spell 
more amateur radio enjoyment (Getting Started In Ama- 
teur Radio; Building The Amateur Radio Station; Radio 
Operator’s License Q & A Manual—6th edition—to name just 
a few) are available at book stores or electronic distributors. 


Ui pee = Nawevettcanimaster. a 


Now you can master 


i 
BASIC ELECTRICITY | 


BASIC ELECTRONICS | 


The Rider ‘picture-book’ way I 


Fabulous illustrated training course now used by 
U. S. Navy—No Other Books Like Them! 


A Complete Idea on Every Page 


Here’s how this easy, illustrated course works: every 
page covers one complete idea! There’s at least one big 
illustration on that same page to explain it! What’s 
more, an imaginary instructor stands figuratively at 
your elbow, doing ‘‘demonstrations” that make it even 
easier for you to understand. Then, at the end of every 
section, you'll find review pages that highlight the impor- 
tant topics you’ve just covered. You build a thorough, 
step-by-step knowledge at your own pace—as fast as 
you yourself want to go! Sponsored by the Navy to turn 
out trained technicians in record time, this modern 
course presents Basic Electricity and Basic Electronics 
in a simple way that everyone can grasp — regardless 
of previous education! 


‘10 Complete Volumes 


BASIC ELECTRICITY—Volumes 1 and 2 cover DC com- 
ponents and circuits; Volumes 3 and 4 cover AC compo- 
nents and circuits; Volume 5 covers AC and DC motors 
and machinery. 


BASIC ELECTRONICS—Volume 1 covers Diodes and Power 
Supplies; Volumes 2 and 3 cover Amplifiers and Oscilla- 
tors; Volumes 4 and 5 cover Transmitters and Receivers. 


Home Study Without Correspondence 


This course is so different, so complete—there’s no need 
for the usual letter writing, question and answer cor- 
respondence! Learn at home—at your own pace! 


10 Day Examination — Money Back Guarantee 


Send today for these exciting new. training courses — 

you risk nothing! When you receive the volumes, examine 

them in your own home for 10 full days. If, at the end 

of that time, you’re not completely satisfied, simply 

return the books to us and we’ll gladly refund your full 

purchase price! Total cost for either 5-volume course is 

only $10.00! 

BASIC ELECTRICITY #169, 5-vols. soft covers, $10.00; #169H, 
all 5 vols. in one cloth binding, $11.50. 


BASIC ELECTRONICS #170, 5-vols. soft cover, $10.00; #170H, 
all 5 vols. in one cloth binding, $11.50. 


JUST PUBLISHED 

VOLUME 6 BASIC ELECTRONICS by Van Valkenburgh, 
Nooger & Neville Inc. We are pleased to announce the 
publication of Volume 6, BASIC ELECTRONICS by Van 
Valkenburgh, Nooger & Neville. Volume 6 is a companion 
volume to the present five volume course on Basic Elec- 
tronics by the above authors. It is intended to enable you 
to expand into the areas of semiconductors, transistors and 
frequency modulation after the content of the first five 
volumes has been completed. Volume 6 utilizes the same 
famous ‘‘picture-book’’ technique used in the present highly 
successful five volume course. 

The original five volume course in BASIC ELECTRONICS 
is available as heretofore as five individual volumes in paper 
covers and as all five volumes in one cloth binding. 

Vol. 6 #170-6 paper cover, $2.90; #170-6H, cloth $3.60. 


There are more than 200 Rider titles covering every area of electronics from basic electricity 
to space age electronics. At your electronic parts distributor, bookstore or write dirett: 


JOHN F. RIDER PUBLISHER. INC. 116 West 14th Street. New York 11, N. Y. 
Canada: Chas. W. Pointon, Ltd., 66 Racine Rd., Rexdale, Ont. 


Euvrove & British Isles: Chapman & Hall Ltd., 37 Essex St., London India: Asia Publishing House, Bombay and other cities 
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FULL-FEATURED 


AM TRANSCEIVER 


For 6-bhand operationees 


Now... a powerful 100 watt AM transmitter anc) 
a sensitive, dual-conversion receiver, a handsomey 
6-band combo.—integrated—working perfectly| 
together—within a handsome modern housing! 
designed to be just right in size and shape for easy 
installation in your car. 


Your mobile operation will be more enjoyable with G-76 | 
First, excellent 2-way communication on any of 6 amateul)), 
bands— 80, 40, 20, 15, 10 and 6 meters! Performance has] 


of course been the foremost design objective but flexibility] 


Receiver tuning dial... ‘“S” meter...any element thai 
occasionally requires a quick glance while driving, is fully|? 
visible. And because the entire front panel is only 5” high\\ 
and 1214” wide, every control—including transmitte1\) 
VFO and Band switch—is conveniently | 
at the driver’s fingertips. 


Those important “extras” have not been overlookec} 

either. For example: Spotting switch of VFO to “zero in’ 
station being received— Hi-Lo power switch for tune uf| 

—Switch to cut transmitter filaments when not needed—) 
Crystal calibrator provisions for receiver with panel 

In- Out switch. 


Use G-76 both in your car and home station. Simpl} 
to do. Transistorized 12 volt DC supply remains in car|} 
117V AC supply with speaker is optionally 3 
available for home use. 


POWER SUPPLIES 


G-76 Power Supply, transis- G-76 Power Supply and Ex- 
torized—for 12 VDC. ternal Speaker unit— 
For 115 VAC. 


12 licensed amateurs ready to serve you. Make Radio 
Products Sales your ham equipment supply center. 
Send for free list of guaranteed used equipment, 


2 ABI@ PRODUCTS SALESINC 


Duistubutors of ELECTRONIC EQUIPMENT - AMATEUR - 
DEALER - SOUND - INDUSTRIAL 


FAX-GKQ 1501. SOUTH. HILL STREET... LOS ANGELESSIS: CALIFORNIA, 
SINCE 193] TWX-LAOG6 RICHMOND 9-7471 caste avpress RAPRODCO 


AAmpere 


'...nationally stocked by leading distributors 


When America’s leading communications engineers selecf AMPEREX 
tubes for original equipment and replacement, they do so for very specific 
reasons. They realize that more than a quarter century’s accumulated 
know-how is built into every AMPEREX tube... the kind of know-how 
|gained in developing exclusive AMPEREX proprietary tube types like 
‘the 5894, the 6252, or the 6360, which have practically revolutionized 
Vv. HF transmitter design. They also know that applications engineering 
assistance is available from AMPEREX to insure optimum performance. 
\Engineers attach particular importance to the extra ruggedness of 
\\MPEREX tubes, achieved with exclusive ruggedizing techniques such as 
he AMPEREX-pioneered powdered glass base. Best of all, they are certain 
‘that any AMPEREX tube will perform exactly like any other AMPEREX tube 
of the same type—because of the unprecedented uniformity resulting 


prom exclusive AMPEREX methods of precision automation. 
i} 


Amperex Type 4X150A 
RF power amplifier tetrode 
of exceptional ruggedness, 
long-term reliability and 
uniformity. 

Amperex Type 6155 
Ruggedized power tetrode de- 


signed to replace the con- 
ventional 4-125A...features 


,,Amperex Type 5894 

|A twin tetrode for wideband 
applications ... widely ac- 
Wicepted as a standard for 460 
iMc service ... up to 150 


! 
i 


ii Amperex Type 6360 


“iA small, low-cost, efficient 
‘twin tetrode .. . highly effi- 


icient for operation up to 
1200 Mc...excellent frequency 
multiplier for 2-meter and 
if) 220 Mc bands. 


i \, 


(Twin tetrodes with lower in- 
put and output capacitance 
lthan any other comparable 
type...up to 112 watts push- 
ipull power input...a natural 
peor 460 Mc service. 


|Amperex Type 6156 

Ruggedized power tetrode de- 
signed to replace the con- 
ventional 4-250A ... same 
features as the 6155... 
proven outstanding in high 
frequency communications 
and amateur service. 


zirconium~-coated graphite 
anode for high overload ca- 
pacity. 

Amperex Type 807 

Beam power tetrode...pop- 


ular in existing communica- 
tions equipment everywhere. 


Amperex Type 6146 

Beam power tetrode...widely 

used in mobile, amateur and 

aan low-powered transmit- 
ers. 


Amperex Type 
ECC82 /12AU7 


Low-gain dual triode for 
voltage amplifier applica- 
tions ... low hum, noise and 
microphonics . . . replaces 


conventional 12AU7 without 
circuit changes. 


SAW SS SNES 
MASSS)\)\ ask Amperex 


about tubes and semiconductors for communications applications 


" AMPEREX ELECTRONIC CORPORATION 
230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, N. ¥. 


In Canada: Rogers Electronic Tubes & Components, 116 Vanderhoof Ave., Toronto 17 
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FORT.ORANGE 


Kadso Lvatubuting 2» 


904 BROADWAY. ALBANY 4 NY U SA 
AMATEUR HEADQUARTERS - 


CALL ALBANY HE 6-8411 Cable Address ‘'Uncledave”’ NITES GR 7-5891 


BEFORE OR AFTER YOU EARN YOUR TICKET, REMEMBER: 
COME TO UNCLEDAVE FOR ADVICE—COME TO UNCLEDAVE 
FOR BEST PRICES ON TOP LINES! 


HAMMARLUND 
HQ-110 


HAMMARLUND 
HQ-100 


Continuously tunable from 
540 kcs to 30 mes; elec- 
trical bandspread; 10 tube 
superheterodyne with noise 
optimum reception of SSB limiter; Q-multiplier; ex- 
and CW; beat frequency clusive auto-response ad- 
oscillator; voltage-regulated, temperature-compensated | justs audio response for best listening. Rugged cast- 
high-frequency oscillator; 2nd conversion oscillator | aluminum front panel with three-dimensional styling. 


crystal controlled. 
$249 $189 


er eee 


HALLICRAFTER’'S SR-34 NATIONAL NC-6O 


12 tube superheterodyne 
circuit; full dial cover- 
agewot, 6 10, 15, 20, 40; 
80 and 160 meter bands; 


Complete func- 
tions of 2 and 6 
meter station. Op- 
erates 115V AC, 6 
Ona 2 Vi bG. altran= 
sistorized power 
supply for 6 and 
12V) Transmitter: 


Standard broadcast, 
CW, WWYV, marine, 
amateur, and for- 
eign shortwave fre- 
quencies. 115V AC 
or DC. Logging scale, 
built-in speaker. 
crystal -controlled; Separate tuning 
to four crystals coils for each band 
switch-selected. Receiver: double conversion superhetero- — connected paral- 
dyne; separate oscillator and R.F. sections for each band. } Jel for all bands. Two-gang capacitor tune signal input 
Power output: 6 to 7} watts on 2 meter; 7 to 10 watts|and HF oscillator. Two-stage amplifier with 50C5 output 


on 6 meter AM or CW. tube. 
AC — $395 
AC/DC — $495 $59.50 
ee 


GONSET JOHNSON VIKING Challenger 
* 6 Meter 
- Communicator 


Complete unit. 
= Transmitter: 50 watt 
with pi-network and 


70 watts phone in- 
put through 6 me- 
ters. 120 watts CW 
input through 10 


- calibrated VFO. Re- meters... 85 watts 
© ceiver: sensitive, se- CW. input. sony) 6 
lective. AC power meters. 


supply; all elements 
integrated to oper- 


ate perfectly togeth- Wired and tested 


er. Gonset’s ‘’pack- $154.75 
aging concept’’ einige extra cost; gives excellent 
performance, exceptional value. Comibleis eG 
Model 3221 $114.75 ; 
$319.50 


; | TIME PAYMENTS 
Write Uncledave WRITE FOR CATALOG AND ie oon 16 hay THe: 


W2APF USED EQUIPMENT LIST. insurance at no extra cost 


with your needs 24 HR. SERVICE 
and problems. WE SPECIALIZE IN FOREIGN TRADE | on stock items 
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The specs are the proof... 


now your best buy - 
in ham equipment is — 


eS S ANDERE? 
: STOR SRIERBA LORRERE: he < 
SFR a oo 

43 
FRRE 


*U.S. Pat. No. D-184,776 


90-WATT CW 
TRANSMITTER * 
#120 


KIT $79.95 WIRED $119.95 


Conservative, highly efficient design plus stability, safety, and excellent parts quality. Covers 80 thru 40, 20, 15, 11, 10 
meters (popular operating bands) with one knob band-switching. 6146 final amplifier for full ‘‘clean’’ 90 W input, protected 
by clamper tube circuit. 6CL6 Colpitts oscillator, 6AQ5 clamper, 6AQ5 buffer-multiplier, GZ34 rectifier. ‘‘Novice limit’’ 
calibration on meter keeps novice inside the FCC-required 75W limit. No shock hazard at key. Wide range, hi-efficiency 
pi-network matches antennas 50 to 1000 ohms, minimizes harmonics. EXT plate modulation terminals for AM phone modu- 
lation with 65W input. Excellent as basic exciter to drive a power amplifier stage to maximum allowable input of 1KW. 
Very effective TVI suppression. Ingenious new ‘‘low silhouette’’ design for complete shielding and ‘‘living room’’ attrac- 
tiveness. Finest quality, conservatively rated parts, copper-plated chassis, ceramic switch insulation. 5” H, 15” W, 91” D. 


NEW UNIVERSAL MODULATOR-DRIVER. . #730 
KIT $49.95 WIRED $79.95 Cover E-5 $4.50 


Superb, truly versatile modulator at low cost. Can deliver 50 watts 
of undistorted audio signal for phone operation, more than sufficient 
to modulate 100% the EICO =720 CW Transmitter or any xmitter 
whose RF amplifier has a plate input power of up to 100W. Multi- 
match output xfmr matches most loads between 500-10,000 ohms. 
Unique over-modulation indicator permits easy monitoring, precludes 
need for plate meter. Low level speech clipping and filtering with 
peak speech frequency range circuitry. Low distortion feedback 
circuit, premium quality audio power pentodes, indirectly heated 
rectifier filament. Balance & bias adjust controls. Inputs for crystal 
or dynamic mikes, etc. Excellent deluxe driver for high-power 
class B modulation. ECC83/ 12AX7 speech amplifier, 6AL5 speech 
clipper, 6AN8 amplifier driver, 2-EL34/6CA7 power output, EM84 
over- modulation indicator, GZ34 rectifier. Finest quality, conser- 
vatively rated parts, copper-plated chassis. 6” H, 14” W, 8” D. 


D 
NEW GRID DIP METER . . . . . . #710 
KIT $29.95 WIRED $49.95 including complete set of 


coils for full band coverage. 


Exceptionally versatile, stable, rugged, compact. Basically a VFO 
with a microammeter in its grid circuit: determines frequency of 
other oscillators or tuned circuits; sensitivity control and phone 
jack facilitate ‘‘zero beat’’ listening. Aiso excellent absorption wave 
meter. Ham uses: pretuning and neutralizing xmitters, power indica- 
tion, locating parasitic osciilations, antenna adj., correcting TVI, 
general de-bugging with xmitter power off, determining C,L,Q. 
Electronic servicing uses: alignment of traps, filters, IF’s, peaking 
compensation networks; as signal or marker generator. Easy to hold 
& thumb-tune with one hand. Continuous coverage of 400 kc-230 mc 
(broadcast, FM, ham, TV bands) in 8 ranges with pre-wound coils of 
+0.5% accuracy. 500 ua meter movement. 6AF4 (A) or 614 Colpitts 
oscillator. Xmfr-operated selenium rectifier. 244°’ H, 2%," W, 672” L. 
Brushed satin deep-etched aluminum panel; grey wrinkle steel case. 


1 Compare & take them home—right 
NOW IN STOCK! “off the shelf’—from 1500 €EICO 
distributors in the U.S. and Canada. 


Code Practice Oscillator #706 


© 1960, Electronic Instr. Co., Inc. In the West add 5% 


These world-famous EICO advantages underwrite your . : 

complete satisfaction . . . . | Kit $8.95 Wired $12.95 
1. Guaranteed easy step-by-step instructions and pictorial Rugged battery-operated transis- 
diagrams. 2. Guaranteed finest quality components. 3. Cali- | tor Prenat ey colt wee DantaR 
bration and service guaranteed for the LIFETIME of your Se Anite hte tate 
instrument. 4. Advanced engineering: the best that is per- ing light, phone jack, pitch con- 
formance-proven integrated with the best of the ‘‘latest trol (500-2000 cps), external key 
state of the art. Pon PRED Catalog terminals, ‘'temporary”” key. 
‘ anel switch selects Tone, Light, 

® write fo Dept. QHB-19 or both Tone & Light. 61/2’ h, 

33-00 Northern Bivd., 3%" Ww, 244" d. 


Long Island City 1, N. Y. 
Over 2 MILLION EICO instruments in use throughout the world 
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Learn Code the EASY Way 


Beginners, Amateurs and Ex- 

perts alike recommend the 

INSTRUCTOGRAPH, to learn code 
and increase speed. 


Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex- 
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations. 


Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen- 
tary, words, messages, plain language and 
coded groups. Also an ‘“‘Airways’”’ series for 
those interested in Aviation. 


MAY BE PURCHASED OR RENTED 
The INSTRUCTOGRAPH is made in sev- 


eral models to suit your purse and all may 
be purchased on convenient monthly pay- 
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting you should decide to buy the 
equipment the first three months rental 
may be applied in full on the purchase 
price. 


ACQUIRING THE CODE 


It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to ‘“‘Acquire 
the Code,”’ or, in other words, learn teleg- 
raphy either wire or wireless. The In- 
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 


BOOK OF INSTRUCTIONS 


Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph’s ‘Book of 
Instructions” does. It supplies the remain- 
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few “short cuts’ known to experi- 
enced operators, that so materially assists 
in acquiring the code in the quickest pos- 
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 


MACHINES FOR RENT OR SALE 


She Snstructograph 


ACCOMPLISHES THESE PURPOSES: 


FIRST: [t teaches you to receive telegraph symbols, 
words and messages. 


SECOND: It teaches you to send perfectly. 


THIRD: [It increases your speed of sending and 
receiving after you have learned the code. 


With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as to 
the beginner who wishes to obtain his amateur license. 


Postal Car WILL BRING FULL PARTIC: 


ULARS IMMEDIATELY 


THE INSTRUCTOGRAPH CO. 


4705 SHERIDAN ROAD 
4700 S. Crenshaw Bivd. 
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CHICAGO 40, ILLINOIS 
Los Angeles 43, California 


BIG EICO KIT NEWS 


_ AT NEWARK 


Model 760 


Model 720 


Model 730 


Model 710 
Model 706 


ELECTRONICS CORPORATION 


Dept. RA-10 


223 WEST MADISON ST., CHICAGO 6, ILLINOIS 
/4747 W. CENTURY BLVD., INGLEWOOD, CALIFORNIA 


NEW! EICO CITIZENS BAND TRANSCEIVER KIT 


Model 760K. Powerful 5-watt crystal controlled transmitter 
and sensitive highly selective superheterodyne receiver 
with RF stage and noise limiter. Broad tuning of crystal 
oscillator circuit permits operation on any one of 23 citizen 
band channels. Variable ‘pi’ network matches to any 
type antenna; dummy load provided for off-the-air tuning. 
Includes built-in speaker, detachable ceramic microphone. 
pize: 6x842x9".. Wt., 12 Ibs. 

Transmitter Section: Power Input 5 watts. Trans. Freq. 
Range: 26.965-27.255mc. Trans. Freq. Control: Within 
0.005% of marked channel frequency. 

Receiver Section: Continuous Tuning Range: 26.965- 
27.299mc. Sensitivity: I microvolt for 10db signal-to-noise 
ratio. Speaker: 3'’xS"’ oval PM. Tubes: Total of 7. 

KM Ly de J GE OA tae sscee SNCNNE ienclt ane ec 2 es aise Kyat NET 59.95 


CW TRANSMITTER KIT 


Model 720K. Bandswitching 80 through 10 meters. Power 
Input: 90 watts CW and 65 watts AM-phone with EXT 
accessory modulator. One-knob band switching. Oscillator 
keying for break-in operation matches antenna imped- 
ances from 50 to 1000 ohms. 115V, 60 cycle AC. Size: 
lSxOxl5: 5 Wt 27 2lbs. 

OTE S 7 Oi tiara il ae ean alee ocd hat Beg a NET. 79.95 
97F571. Model 720. As above, factory wired....NET 119.95 


MODULATOR KIT 


Model 730K. High Level Class B Universal Modulator. 
For phone operation, will deliver 50 watts of undistorted 
audio signal, more than enough to modulate 100% the 
EICO 720 transmitter at full input. Can be used to modu- 
late any transmitter having an RF input up to 100 watts. 
For 117V, 60 cycles. Size: 6x14x8".. Shpg. Wt.: 21 lbs. 


WR BEY ON SO NIERY cs SARs ssi Pe 8 ts es sale ar NET 49.95 
97F573. Model 730. As above, factory wired....NET 79.95 
97F574. Model E-5. Cover for above..............0..--. NET 4.50 


NEW! CODE PRACTICE OSCILLATOR KIT 


Model 706K. Battery-operated transistor audio oscillator 
with built-in loudspeaker, tunable over range from 500 to 
2000 cycles by pitch control on panel. Provision for head- 
set operation only. 

Size: 642x3%4x2%"'. Shipping Weight: 2 lbs. 

BZE SO 2a iim, ere ei ene iran tn 28 ems aces NET 8.95 


GRID DIP METER KIT 


Model 710K. Covers 400 kc to 250 mc 7 overlapping 
ranges. Uses a 500 ua meter. Determining operating fre- 
quency, neutralize, etc, For 117V, 50/60 cycles AC. 
Shipping Weight: 3 lbs. 

HA Sie ESN Gt een Renee aay oO fee eon Ne a NET 29.95 
97F576. Model 710. Factory Wired......000..0000....... NET 49.95 


Here's the Deal FREE! 

on Trade-ins! Write today for 
Write to Ham Shack at New- ae 
ark—223 West Madison St., EIGO Famones 
Chicago 6. Ask about New- Short Course for 
ark’s Convenient Time Pay- 
ment Plan. Your trade-in 
can serve as down payment, 
balance in easy monthly 
payments. 


the Novice License” 


NEWARK'’S Latest Catalog, 
“Industrial Electronics” 


THIS THING CALLED 


HAM RADIO... 


... It’s FUN! 


Making friends via amateur fra- 


ANTI) 
UN 


u 
L | 


dio— building your own gear — 


developing ideas for equipment 


— handling messages — chas- 
ing rare DX — collecting QSL 
cards — participating in local 


radio club activities . . . only 


part of the unlimited adventures of an exciting hobby. 


.. It’s QST! 


Packed with ideas for the beginner, QST is the hams’ 
euls national magazine, a source of information...on 
"Ax So) construction — operating ideas and tips on handling 
| trafic DX news, mobile, v.h.f., including special 
events and contest results... all in QST, The Monthly 


Amateur Radio “‘Bible’’. 


. +. It’s ARRL! 


League membership helps boost amateur radio, protecting your 
hobby through representation before the F.C.C. — providing a host 
of services, such as technical information — code practice and pro- 
ficiency awards — contests — organized emergency and civil defense 
communication and the ARRL QSL Bureau System... Join with 
more than 100,000 persons in the amateur’s national organization! 


THROUGH MORE THAN 45 YEARS — ARRL 
' SERVICE TO THE MEMBERSHIP” 


USE THE APPLICATION BLANK ON THE OPPOSITE PAGE » 


A 
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Hffplication for Membenrshif~e 


AMERICAN RADIO RELAY LEAGUE 


Administrative Headquarters: West Hartford 7, Connecticut, U. S. A. 


AMERICAN Rapio RELAY LEAGUE, 
West Hartford 7, Conn., U. S. A. 


Being genuinely interested in Amateur Radio, I hereby 
apply for membership in the American Radio Relay 
League, and enclose $5.00* in payment of one year’s dues, 
$2.50 of which is for a subscription to QOS'T for the same 
period. {Subscription to OST alone cannot be entered 
for one year for $2.50, since membership and subscription 
are inseparable.] Please begin my subscription with the 


plittescalliofeiny Staton iSm..usr were cue cesta ee cietesses tc 
Hinewclass;ol my Operator s licensevis,.7, ee te seis. 


- T belong to the following radio societies. ........... 


Send my Certificate of Membership L] or Membership 
Card ] (Indicate which) to the address below: 


“TSG Waa elk ees 2 yok eae aap al EI A Re he PO Be Phan empha Sele a 


eceovoeveeveev eve eevoevoeeevoeveeee eevee ee ee ee eee eereeeeoeeeee ee ee @ 


~ 


A bona fide interest in amateur radio is the only essential requirement, but full 


voting membership is granted only to licensed radio amateurs of the 


HOW-19 


United States and Canada. Therefore, if you have a license, 


please be sure to indicate it above. 


*5.00 in the United States and Possessions. 
$5.25, U. S. funds, in Canada. 
$6.00, U. S. funds, in all other countries. 


al 


MUTUAL cpp 


THE RADIO AMATEUR’S HANDBOOK 


Internationally recognized, universally consulted. 
The all-purpose volume of radio. Packed with in- 
formation useful to the amateur and professional 
alike. Written in a clear, concise manner, contains 
hundreds of photos, diagrams, charts and tables. 


$3.50 
THE ARRL ANTENNA BOOK 


Theoreical explanation and complete instructions 
for building different types of antennas for amateur 
work. Simple doublets, multi-element arrays, mobile 
types, rotaries, long wires, rhombics and others. 
Transmission lines are exhaustively discussed. 
Profusely illustrated. . $2.00 


HINTS AND KINKS 


If you build and operate an amateur radio station, 
you'll find this a mighty valuable book in your 
shack and workshop. More than 300 practical ideas. 


$1.00 


THE MOBILE MANUAL 
FOR RADIO AMATEURS 


Scores of selected articles on mobile receivers, 
transmitters, antennas and power supplies. Be- 
tween its two covers is all the practical information 
an amateur needs for carefree and dependable 
mobile operation. $2.50 


+ 


THE RADIO AMATEUR’S 
LICENSE MANUAL 


Study guide and reference book, points the way 


toward the coveted amateur license. Complete with . 


typical questions and answers to all of the FCC 
amateur exams—Novice, Technician, General and 
Extra Class. Continually kept up fo date. $.50 


LEARNING THE RADIOTELEGRAPH CODE 


For those who find it difficult to master the code, . 


this publication supplies the key to the problem. 
Designed to help the beginner overcome the main 
stumbling block to a ham license. Contains practice 


_ material for home study and classroom use. $.50 


A COURSE IN RADIO FUNDAMENTALS 


A complete course to be used with the Handbook. 
Enables the student to progress by following the 
principle of "‘learning by doing.’’ Applicable to 
individual home study or classroom use. $1.00 


SINGLE SIDEBAND FOR THE 
RADIO AMATEUR 


A digest of the best SSB articles from QST. The 
newcomer to Single Sideband as well as the ex- 
perienced SSB user will find it indispensable. In- 
cludes discussions of theory and practical 'thow-to- 
build-it’’ descriptions of equipment. Covers recep- 
tion and transmission. $1.50 


The whole picture of amateur radio 
from basic fundamentals through the most complex 
phases of this appealing hobby is covered in ARRL publications. 
Whether novice or old-time amateur, student or engineer, League publications 
will help you to keep abreast of the times in the ever-expanding field of electronics. 
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